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EXECUTIVE SUMMARY

This document provides instructionglidelines to users of the Federal Aviation Administration
(FAA) Research and Development Electromagnetic Database (FRED) Versidns.Octions are
provided on how to access FRED from a compact disk (CD) and how to access the entire set of
waveforms. The lightning strike waveforms have been collected from various FAA tests (which
have been stored on tHedaho National Engineering & Environmentahboratoy (INEEL)
computers) and can be accessed viadrtteznet or dial-up modem.

The lightning strike data contained in FRED are described, including how the data were acquired
and processed for eptinto FRED.

Troubleshooting information is also provided, along with error message descriptions and corrective
actions. For further information contact Kurt WagneiiNEEL at (208) 526-9531.
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1. INTRODUCTION.

1.1 BACKGROUND.

Researchers throughout the world have conducted research on lightmngeneral, once a
researcher has published data and conclusions, it is difficult for others to access that data. To
overcome this problem, the Federal Aviation Administration (FAA) has solicited data from several
sources to be compiled into the FAA Research and Development ElegtediinaDatabase
(FRED). Currentl, airborne data from the CV-580, the National Aeronautical and Space
Administration’s (NASA) F-106 program, and the French Transall C-160 data reside in the
database.

Following extensive testing of the FRED environment, it was determined that the use of Windows
technolog would make FRED more user-friegdI The result is=RED forWindows described by
this Users Manual.

FRED forWindowsis a personal computer (PC) -based application which allows the user to access
basic data about lightning strikes on the user’'s own FPCaddition, &tensive waveform data is
housed on a FRED Data Server at litigho National Engineering & Environmentadboratory
(INEEL) in Idaho Fallsjdaho.

FRED includes information compiled lbesearchers using different equipment and having various
research goals. As a result, some recordsnmabhave data in all fields.

FRED forWindowscan be used to view information that has been collected, plan fuysiegblor
statistical research projects, and test lightning models.

The database supports the following functions:

. Database browsing
. Ad hoc database queries
. Waveform processing

— Plot generation
— Data reduction ypdecimation, filtering, range, min/maand averaging
— Data manipulation functions for the integration and differentiation of waveforms

1.2 FRED DATA.

FRED contains threeypes of data: environmental, electromagnetic, and waveform. At a
minimum, there will be environmental and electromagnetic data for each s&ikeRED for
Windows compact disk (CD) contains all of the environmental and electromagnetic tata.
addition, two subset waveforms are provided for each waveform in FRED. One subset waveform
contains a thousand data points around the peak of the waveform (250 before the peak and 750
after). The other subset contains a thousand data points which are min/max range points selected
over the entire waveform to give the user an overall picture of the waveform without fine structure
detail.



The following sections describe the data fields in FRED. The default value for each field is given.
In general, the numeric default value will be some value that is physically or logically impossible to
obtain. For the alphabetic default, the letter “U” or the word “Unknown” will be displayed.

1.2.1 Environmental Data.

Environmental data consists of data that describes the environment at the time of the strike. Air
temperature, airspeed, and precipitation type are examples. Table 1 shows the possible
environmental data fields and their default or unknown values.

TABLE 1. ENVIRONMENTAL DATA

Field Default Value Origin
STRIKE TYPE blank log sheet
ALTITUDE -9999 log sheet
AIRSPEED -9999 log sheet
OUTSIDE AIR TEMPERATURE -999 log sheet
ELECTRICAL PHENOMENA blanks log sheet
PRECIPITATION SEVERITY 9 log sheet
TYPE OF PRECIPITATION 9 log sheet
TURBULENCE SEVERITY 9 log sheet
ATTACHMENT POINT blanks log sheet
DETACHMENT POINT blanks log sheet

Latitudes and longitudes are not shown in table 1. Although various data sources may contain
strikes for which this information is not available, these values have been estimated. The default
latitudes and longitudes for data sources in FRED are shown in table 2.

TABLE 2. DEFAULT LONGITUDES AND LATITUDES

Data Source Latitude Longitude
CV-580 28:00:00 N 81:00:00 W
NASA F-106 38:00:00 N 75:00:00 W
Transall C-160 43:30:00 N 1:30:00 E

1.2.2 Electromagnetic Data.

Electromagnetic data consists of electromagnetic parameters that can be calculated from a
waveform or sensed directly. Table 3 shows the possible electromagnetic data fields and their
default values. Fields whose default values are marked with an asterisk (*), do not have default
values. If the value is unknown, no record will be made because the rest of the fields cannot be
evaluated.



TABLE 3. ELECTROMAGNETIC DATA

Field Default Value Origin
SENSING PARAMETER * Documentation
PEAK VALUE OF PARAMETER 0 Calculation
TIME TO PEAK VALUE OF PARAMETER 0 Calculation
PEAK RATE OF RISE OF PARAMETER 0 Calculation
TIME OF PEAK RATE OF RISE 0 Calculation
FULL WIDTH AT HALF MAXIMUM VALUE 0 Calculation
TIME TO HALF MAXIMUM VALUE 0 Calculation
NOISE WAVEFORM FLAG NO Calculation
SATURATION FLAG SET U Documentation
INTEGRATION START AND STOP TIMES blank Calculation
ACTION INTEGRAL blank Calculation
ACTION INTEGRAL ERROR blank Calculation
CHARGE TRANSFER blank Calculation
CHARGE TRANSFER ERROR blank Calculation
TRIGGER THRESHOLD -9999 Documentation
SATURATION THRESHOLD -9999 Documentation
FULL SCALE -9999 Documentation

1.2.3 Waveform Data.

Waveform data consists of data points recorded either by a digital or an analog recorder. If the
waveform was recorded in analog format, it was digitized before it was included in FRED.
Waveform data included in the useFRED for Windowsnstallation package consists of two
waveform subsets for each waveform in FRED. One subset is 1000 points around the peak (250
before the peak and 750 after). The other is 1000 points which represent the minimum and
maximum data points in intervals evenly spaced across the whole waveform. The entire set of
waveforms are available at the INEEL and are accessed via the Desired Attributes for Plotting
Waveform #n window. The window indicates the number of data points in the waveform and
provides data reduction methods for downloading a portion of the waveform.

1.2.4 Other Data.

In addition to the data described above, FRED carries other information describing the lightning
event and its measurement. Specifically, this data describes the data source or the collection
equipment. These fields are shown in table 4. Fields whose default values are marked with an
asterisk (*) do not have default values.



TABLE 4. OTHER DATA

Field Default Value

SOURCE TYPE blank
SOURCE NAME *
PRIMARY RESEARCHER blank
RESEARCHER'’S AFHIATION *
DATE OF ALASH *
TIME OF ALASH *
TIME OF INITIAL SAMPLE POINT U
SENSORLOCATION blank
DIGITIZERID 0
SAMPLING INTERVAL 0
SAMPLING WINDOW 0
ANALOG RECORDERD 0
MANUFACTURER blank
MODEL NUMBER blank
SENSOR TYPE blank
LOWER FREQUENCY RESPONSHMIT 0
UPPER FREQUENCY RESPONSHEMIT 0
ACCURACY blank
NUMBER DISCRETZATION LEVELS 0
NUMBER OF CHANNAS 0
MAX IMUM FM BANDW IDTH 0
MAX IMUM DIRECT RECORD BANDWDTH 0
FULL SCALE 0
DYNAM IC RANGE 0
SENSOR SCAE FACTOR *
RECORD SCAE FACTOR *
DATA SCALE FACTOR *

*

NUMBER OF PONTS

1.3 DATA SOURCES.

Currently, FRED contains data from the FAA’s CV-580 program, the NASA’s F-106 program, and
the French Transall program. The data from each of these programs represented an effort of data
retrieval, manipulation, and verification before input into the FRED database.



1.3.1 CV-580 Data.

During 1984, 1985, and 1987, the FAA recorded electromagnetic measurements of lightning strikes
to a Convair 580 aircraft that was flown in Florida thunderstorms. This program was conducted
jointly with the Air Force, Nay, NASA, the National Oceanic and Atmospheric Administration
(NOAA), and the Offices Nationales des Etudes et Récherches Aerospatiales (ONERA). The
Convair 580 was hardened against lightning. During the course of the program, the aircraft was
struck approximatgl60 times.

Three ypes of data were collected: digital recordings, analog recordings, and maniiedh log

sheets. The log sheets contain information about the environment, such as the altitude, temperature,
airspeed, and precipitation and turbulence conditions.y &lse contain the date and time of the

strike and the aircraft's position (longitude and latitude) when it was struck.

The CV-580 aircraft had several sensors located throughout the structure. The nyrebeand
locations of the sensors varied from gear to the nd. The sensors fed both analog and digital

tape recorders. The analog recorders ran continudushg the flight, gcept when a tape ran out

and a new tape was being mounted. Analog recordings were made of 48 strikes to the aircraft. The
analog signals were converted to digital representatignElbctro Magnetic Applications,
Incorporated (EMA). The staff at tihReEEL entered the digitized analog data, the digital data, and

the data from the log sheets into FRED.

1.3.2 NASA F-106 Data.

Between 1981 and 1986, NASA studied lightning at high atmospheric levels. An instrumented
F-106 aircraft was flown into storm clouds. NASA collected data on strikes that occurred near the
aircraft as well as those that dirgchlit the plane. Although both analog and digital waveforms
were collected, oglthe digital waveforms were available for incorporation into FRED. The F-106
Program recorded data similar to that collected in the CV-580 program and also environmental
data.

1.3.3 French Transall Data.

The French flew a Transall aircraft in both 1986 and 1988. Analog recordings were made in 1986
and both analog and digital recordings were made in 1988. Current and current density
measurements were taken in 1986; and current, electric, and magnetic field measurements were
taken in 1988. The digital recordings primardovered the attachment phase of the lightning
strike.

2. DATABASE AND USER MANUA. INFORMATION.

2.1 THE FRED ENVRONMENT.

FRED for Windowsis a Windows-based application program which provides multiphes @
access FRED’s descriptive, environmental, electromagnetic, and waveformitdatso provides
processig options and plottig capabilities. The descriptive, environmental, and elecgoeiz



data are provided as part of the PC-resident application in a local datdbatee CD-ROM
version, two overview plots are also included for each waveform. Entire waveforms are processed
remotey at theINEEL per the user’'s processing selections to reduce the data or to perform
integration or differentiation calculations. (This is referred to as “downloading waveforms.”) The
resulting plot data are returned to the user’'s PC for plotting and to be saved. Figure 1 shows the
FRED environment.

PPP
Client PC | Modem Modem Pool

FRED
Database

Router

. Internet
Client PC Router

FRED
Database

FIGURE 1. SYSTEM BOCK DIAGRAM

There are two methods to access the complete waveforms &iEEe. FRED for Windows
allows users who have network access through their own computer (i.e., accedstarmbg to
connect direcyl to the FRED Data Server on which the waveforms are stored. The appropriate
addressing information is alrgath FRED forWindows Users who do not have network access
will need a modem and TAP/PPP communications software that provides a Windgwanaic

linked library (DLL) that is Windows Socket (IMSOCK) compliant and supports point-to-point
(PPP) or serial line interface protocolL(B).

2.2 FRED DATA STRUCTURE.

The data in FRED is organized in a hierarchical structure. For each source of data, there is a source
record which shows the name of the source, the names of the researchers who acquired the data,
and the affiliation of those researchers at the time the data was acquired. Figure 2 shows the

relationships amandata entities.

For each source, there will be one or more flashes. Each flash record corresponds to one lightning
event. The flash record contains information about the conditions at the time of the strike, such as
temperature, precipitatiogde, altitude, and airspeed. These are conditions that are common to all
waveforms resulting from the strike.
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FIGURE 2. DATA REATIONSHPS

For each flash record, there will be one or more waveform records. Each waveform record is a
recording of the waveform outpuy lone sensor. The number of waveform records is determined
by the number of channels of data recorded during the lightning event.

For each waveform record, there will beyoohe electromagnetic data record. The electromagnetic
data have been calculated from the associated waveform. The data consist of discrete
electromagnetic parameters, such as peak value and peak rate of rise. For current waveforms, the
action integral and charge transfer are also calculated and stored in the electromagnetic data record.

The flash numbers and waveform numbers were assigned sequevitieti the data was entered

into FRED. As a result, the numbers in some sourcgqetebe consecutive or there yrize gaps

in the sequence. Foxample, all the CV-580 analog data was entered into FRED before the
CV-580 digital data was entered. So the analog waveform numbers are sequential, but there is a
gap in the sequence between the analog and digital waveform numbers.

2.3 DATABASELANGUAGE AND CONVENTIONS.

FRED data are accessed through a Windows point-and-click interface. The data can be viewed
hierarchicaly by selecting theOpen Sourcesicon which displgs a scrollable list of sources.
Double-clicking on a source dispta a scrollable list of all flashes for the selected source.
Likewise, double-clicking on a flash disptainformation on each of the sensors that collected data
during a flash, the electromagnetic parameters that were collected, and the analog recorder or
digitizer. At ary point a detail report can be viewed on ajlgiritem (eg., sensor) that is displad.

At the sensor level, two overview plots can be viewed or customized plots can be created.



The ad hoc report optiofiR(in the Ad Hoc Reporticon) provides a crosscut report feature. The
user can select gifields of interest, sort the results, and restrict the set of results (filter).

Data can be saved in other formats (e.gcelE Quatro Pro, dBase, etc.) for manipulation in other
software or reporting packages, or the data can be copied (using the standard Windows Edit-Copy
feature) to the clipboard.

Environmental plots are available for plotting peak current or peak rate of rise versus latitude,
longitude, altitude, and temperature.

Finally a structured qugrlanguage (SO) interface is available for constructing database queries.
This option is recommended gribr those gperienced with SQ.

2.4 HH P FUNCTON.

The Help function has two actions, depending on the situation from which it is inviélederror
message has appeared and the Help function is invoked, the error messplginsde When the
Help function is invoked from other windows, appropriate help information will appear.

2.5 ERROR MESSAGES AND FALTS.

2.5.1 General Error Messages.

Appendix A lists error and information messages in alphabetical oyd#rebfirst word of the
message. The first column shows the error message. The second column shows the result of
acknowledging the error message. The last column indicates actions that the user might consider to
correct the error condition.

Appendix A contains known error messages; however, ytmoabe comprehensive, as Oralle

bugs and ystem glitches could generate messages that are not on thi kst.undocumented
message appears, attempt to obtain a screen print containing the message. Also, document the
sequence of events that led up to the message. Then, contact the FAA Database Administrator
(DBA) with this information so that the problem can be resolved and documented. (Comment
sheets are included at the end of this manual.y Ty be used to report error problems or to
request enhancements and improvements.)

2.5.2 General Protection Faults.

One particular class of errors requires discussion here: General Protection Faults. One source of
general protection faults is errors which are generated when Windows applications require more
memol or g/stem resources than are available. All Windows applications use ynantbgstem
resources. When a Windows application is closed it will release mendrgstem resources.
However, some Windows applications do not release all of the resources whicpphepriate.

The other resources are yntleased when Windows is closed.



When a General Protection Fault occurs, the user should close all Windows applications and then
close Windows itself. This will release all memand gstem resources still being helét.is not
necessarto reboot theystem.

Typically, this ype of error occurs when the user has too ymafindows applications active
simultaneousl. However, some screen saver programs appropriate resources eachytiare the
invoked. If general protection faults occur on a regular basis, the user should consider using a
different screen saver, or not using a screen saver at all.

3. ACCESING FRED.

3.1 REQUESING ACCESS TO FRED.

Before accessing the database, it is necgssaequest access and obtain a USdoy completing
the following steps:

a. Send or faxa “request for access” letter to the FRED FAA DBA at AAR-421, FAA
William J. Hughes Technical Center, Atlantic ihternational Airport, Newerse 08405.
Include the nationalitand business or academic affiliation of each person who will be a
user. There is no charge for accessing data from the FRED Data Server or for receiving the
Version 1.0 CD-ROM at this time. However, users requiring technical support or wishing
to fund additional enhancements or data additions toysiters should contact K. Wagner
(INEEL) at (208) 526-9531.

b. After the DBA has received the request, the FAA will sené#RED for Windows
installation packge to the requestor. The installation paekavill contain a CD (or
installation diskettes), forms for requesting access to the FRED Data Server, and
information on the registration process.

3.2 SYSTEM REQUREMENTS.

To runFRED forWindows the user will need a 386 PC or better, running Windows 3.1 (or later).
At least 8 Megaftes of RAM are required, along with about 2 Megab of disk spacelf the user
wishes to download waveforms from the FRED Data Server, additional disk space will be required
along with communications software and a communication link or modem.

3.3 WINDOWS CONVENTONS.

FRED forWindowshas a Windows-based graphical user interfaceXGUnhe standard Windows
features and tools are present in the application. ¥@ngle, the printer selected under Windows

is active within this application and the colors selected under the Windows Desktop are used within
FRED for Windows As in Windows, the GUworks best with a mouse; not all functions and
windows can be accessed from thgldaard. The user who is unfamiliar with Microsoft Windows
should take the time to read the Windows documentation. The standard Windows controls for
closing, minimizing, moving, resizing, and tiling windows are available. Scroll bars are used to
view information that is “scrolled off the window.”



The left mouse button isygically used to make menu selections, to do Windows operations
(resizing, etc.), and to move the cursor to a field on the screen. Holding the <Shifthile
making a second selection selects yang in the range. Holding the <CtrI>\ykerhile making a
selection allows multiple distinct items to be selected (as the application permits).

The right mouse button is used to bring up commands available on that wittdaevides short
cuts to menu options.

The Windows <Alt><Tab> combination can be used to rotate through applications currently
running under Windows. This is useful for switching betwieBED for Windowsand wgnupilot,
the Windows plotting package, for plots previgudisplayed.

Certain menu options are not available under all situatitfrsn option is not available, its menu
entry is faded out. Clicking on a faded gntioes nothing.

3.4 WINDOWS SETUP.

The colors used IRRED forWindowsare selected (and mhe changed) throughdiColor icon in

the Windows Control Panel. Double-clicking on thentrol Panel icon will open the Control
Panel window. Double-clicking ondfColor icon in the_Control Panelindow opens the Color
window. The user nmyaselect from the preset color schemgglizking on the arrow in the Color
Schemes block and then clicking on the desired scheme. The usealsmaset the colors for
individual sections of the desktop blicking on Color Palette. See Windows manuals for further
information.

The user is cautioned that in some color schemes, some of the data “disappears” from the windows
because it is printed in color on color (i.e., blue on blue). This problem is corrgateddsing a
different color scheme.

In addition, some color schemes translate intessive shading in printed report$.the headers
in printed reports are hard to read, a different color schey@eaa to be selected.

FRED for Windowsuses the Windows Print Manager to interface with the user’s pritfténe
Windows Print Manager is not set up with the appropriate print drivers, reports will not print
correcty. See the Windows manuals for troubleshooting printing problems.

3.5 FRED FORMNDOWSINSTALLATION.

Once the user’s request for access to FRED has been processed and approved, the user will receive
a package of software and data to be loaded onto a PC. The information will be provided on either

a set of flopy disks or a CD-ROM.In either of these cases, the user will load FREhserting

the first disk and followig the instructions on the disk. This will start the installation process.

During installation, the user will be asked if files should be overwritten. The ugaepia“No”

to all questionsxxept replacement of the auxee.bat file. The change to the axtee bat file will
include the FRED directgiin the search paths.
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3.6 ACCESENG FRED FORWINDOWS

The users=RED forWindowsinstallation packge will also include a uséb and password to be

used to access the FRED waveforms installed on the FRED Data Séreguested, a password

will also be provided to allow access to FRED through a dial-up line. No passwords are needed to
access FRED on the user's own PC. The passwords greequired if the user wants to work

with the complete waveforms instead of the subset waveforms provideBRED forWindows

Oncee FRED forWindowshas been installed, the userynegen it ly double-clicking on ta FAA
icon. An SQL icon will be opened for the WATCOM driver. Th&htning Strike Data window
will also be opened. This will allow the user to as¢eRED forWindowsand all of the data which
are provided witiFRED forWindows The user maemplo/ a mouse and click on the icons, or
access various windowy Iholding down the <AT> key and pressing the underlined letter of the
desired menu. Not all options are available at all tiniesn option is not available, its menu entry
is dim or its icon is not shown.

NOTE  FRED forWindowswill access the drive containing the default plots nwRRED for
Windowsis invoked to ensure that the drive is available. This operation requires that a
CD or disk be in the drive indicated in the Rlotation option under the File menli.
the user does not intend to access the default plots, the plot locatiphe s&t to nulls
to avoid needing a CD in the drive.

If the user is not interested in accessingdata bgond that provided with the installation package,
the user will not need communications software. The user who is interested in working with the
basic waveform data should review paragraph 3.7.

3.7 COMMUNCATIONS SOFTWARE SETUP.

The procedure to access the complete waveform data froiNEE® depends on whether the user
has access to thHaternet or will be dialing in.In either case, the user ynaish to determine all
remote requests to minimize remote connect time.

FRED forWindowsassumes that dnternet connection has been established when the user is ready
to download a portion of a waveform from iINEEL. For a directnternet connection no action is
required bgond having the software resident on the PC and the netwgsically connected. For

a modem connection, the user must switch applications (us&><AAB> to return to the
Program Manager) and make the modem connection to the FRED Data Server using the PC’s
communication software. Once the connection is established the procedure to obtain waveform
data is identical for both methods. (RetwRRED forWindowsby again using <AT><TAB>.)

3.7.1 Internet Connection.

An Internet connection requires dMEOCK application program interface (Bleompliant L.

11



3.7.2 Modem Connection.

Modems of 9600 baud or faster are preferdi®EEL supports up to V32.bis (16,384 baud x factor

of 4 compression). The telephone number for a modem connection is 1 (800) 330-6712. The
communication software must support PPP ldiPShat emulates dmternet connection and must

be WINSOCK compliant.

The Chameleon Sampler shareware software is available from Netmanage at ftp.netmanage.com.
The directoy is called\pubdemossampler. There are two files: sampbee.eand readmet
Other packages such as FTP’s OnNet and Distinct work gquelll

To access the network on which FRED resides, the user will need an NAD asel password.
Forms to request them are included withFRED forWindowsinstallation packge. In addition,
the user will need the information in table 5 to access FRED.

TABLE 5. FRED REMOTE ACCESBNFORMATION

Interface FAA SERVER - COMS3, 9600 bauygr greater)
Dial 1-800-330-6712

IP Address 1111

Subnet Mask 255.255.255.128

Domain Name inel.gov

UserID NCC UsenD.p [Append .p to the NCC UsHD]
NCC Password

Once the connection is established, the procedure to obtain waveform data is identical for both
methods.FRED forWindowswill prompt for theFRED forWindowsuserlD and password when

a waveform is selected for processing (refer to paragraph 13lfithg password is incorrect, the

PC will not be connected to the remote machine and no waveforms will be downloaded.

When no more data are to be downloaded, it is recommended that the user close the modem
connection to free up the connection and telephone line for other users.

4. RHATIONSHP OF WNDOWS ANDICONS.

The following is the relationship of the windows and icons

. Open Sourcedcon
— {Sources Window}
. Print the Current Sheetlcon
. Save Rows td-ile Icon
— {Save Rows As Window}

12



. Run the Ad Hoc Reporticon.
—  {Ad Hoc Reporting Window}
— {Queried Report Window}

. SQL Reporting Capability Icon

— {SQL Quey Window}
—  {Queried Report Window}

. Environ mental Infor mation Icon

— {Query Limits Window}

— {Queried Environmental Flashes Window}
— {Waveforms in Flash #n (Queried Environmental Flashes) Window}

. Plot the defaultminmax waveformIcon
. Plot the waveform around the peaklcon
. Request/ViewPlots Icon

— If plots have alread been downloaded for this waveform:__{Plots for
Waveform #:n Window}
— If no plots have alregdbeen downloaded for this waveform:_ {Desired
Attributes for Plotting Waveform #n Window}
— {Environmental Plot Options Window}
— {Plot of selected plot parameteWindow}

. Closelcon
. Provide User Helplcon

5. OPEN SOURCESCON.

Clicking on theOpen Sourcescon causes the Sources window to be opened.

5.1 SOURCES.

The Sources window shows information on the data sources in FRED including the source name,
the original researchers, the affiliation of the researchers, and whether airborne or ground-based
sensors were used to capture the data. When this window is actieintndne Current Sheet

ard Save Rows td-ile icons are shown.

5.1.1 Flashes in Source Xxxx.

Double-clickirg on a source in the Sources window causes the Flashes in Sourcginaaw to
be opened.

For each of the flashes in the selected source, the following information is presented: tie flash
the date of the flash, the time of the flash (start time), the turbulence \setleitype of
precipitation, and whether the strike attached dy¢otthe sensor platform or passed ngarb
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Clicking on the right mouse button or double-clicking on the left mouse button while a flash is
highlighted causes the Flash #n Detail window to be opened. This window displays the following
information for the highlighted flash: the flash ID, the flash date, the start time, the trigger initiation
time, the altitude, airspeed, air temperature, turbulence severity, the longitude and latitude at which
the flash was recorded, the attachment and detachment points if known, whether the strike attached
directly to the sensor platform or passed nearby, the precipitation type, whether other electrical
phenonmena occurred around the time of the flash, and the source of the recording trigger.

Unless the user closes the Flash #n Detail window, highlighting another flash and clicking the right
mouse button or double-clicking on the left mouse button causes the existing Flash #n Detall
window to be brought to the front of the window stack. It will contain the previously requested
information. To get the detail information on another flash, the user will need to close the Flash #n
Detail window before trying to reopen it.

5.1.1.1 Flash #n (xxxx).

Double-clicking on a flash in the Source xxxx window causes the Flash #n @aoddw to be

opened. This window contains the following information on the individual waveforms for the
selected flash: the waveform ID and type (analog or digital), the noise flag, the sensing parameter,
the instantaneous peak rate of rise and its units, the location of the sensing parameter, the location
of the peak rate of rise in the waveform, the peak value and its units, the saturation flag, the low-
and high-frequency limits, the full width at half maximum, the full scale and its units, the time to
peak, the time for the waveform to rise to half maximum, the location of the peak in the waveform,
the high- and low-saturation thresholds, the trigger threshold, the sampling window and interval,
and the number of data points in the waveform.

The following information is provided to describe the digitizer that recorded the waveform or that
converted it from an analog to a digital waveform: the manufacturer, the model, and the number of
discretization levels.

In addition, if the waveform was originally recorded as an analog waveform, the following
information is provided: the manufacturer, the model, the number of channels, the maximum FM
bandwidth, the maximum direct bandwidth, the full scale, and the dynamic range.

The following information about the sensor which captured this waveform is provided: the
manufacturer, the model, the type, the upper- and lower-frequency responses, the accuracy, and a
description.

If the sensing parameter is |, this window shows the action integral, action-integral error, action-
integral system error, the charge transfer, the charge-transfer error, the charge-transfer system error,
and the integration start and stop points.

An additional field is provided for comments.
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6. RUN THE AD HOC REPORTCON.

Clicking on theRun the Ad Hoc Reporticon causes the Ad Hoc Reporting window to be opened.

6.1 AD HOC REPORING.

In the _Ad Hoc Reporting window, columns are selected for inclusion in the rgpoiduble-
clicking on the desired column oy positioning the mouse on the desired column and holding the
left mouse button down while dragging the item into the Data Columns To Show block. (The user
may delete a column from the repost Bouble-clicking on that data element in the Data Columns
To Show block.)

Columns will appear in the report in the order in whicly tivere selected, (i.e., each column added
goes to the end of the list). However, the order of the repgrtoe@hanged once the quéras
been requested.

Once the user has selected all the desired columns, clicking on thebl@a&rcauses the report to
be generated and shown in the Queried Report window.

6.1.1 Queried Report.

The Queried Report window shows the result of the ygeeszated in the Ad Hoc Reporting
window. Columns mabe reordered within the repon blicking on the column to be moved and
holding the left mouse button while dragging the column to its new position.

While the_Queried Report window is active, the Rows menu is available. Clicking on this menu
allows the user to sort (paragraph 17.1) and filter (paragraph 17.2) the active report.

7. SQ REPORTNG CAPABILITY ICON.

Clicking on theSQL Reporting Capability icon causes the 3(QQuel window to be opened.
The user matype the desired querhowever, on select statements are permitted. Cligkom
the Quey box implements the queif it is valid. If the quey is not valid, the SQ Syntax _Error
window is displged. This window contains information about the nature ofythizs error.

The user is cautioned that impropespecifing the conditions on the select statemeny negult in
an unreasonable number of rows being selectdfl.this happens, the quercan take an
unreasonable amount of timé.is the user’s responsibifito avoid this situation. (Rebooting the
computer is the oglway to abort this function.)

If a valid quey was issued, FRED assembles a report and gssjplan the_Queried Report window
(see paragraph 6.1.1).
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8. ENVIRONMENTAL INFORMATION ICON.

8.1 QUERYLIMITS WMINDOW.

Clicking on theEnvironmental Infor mation icon causes the Quekimits window to be opened.
The user macharge the quer limits by positionirg the cursor in a limit box onfxclicking on the
boxes for N, S, E, or W. When the quédimits are acceptable, the useryngther click on Query
to produce a default report or Plot to produce default plots.

If the user wishes to limit the longitudes under consideration, the user negdectseecare in the
selection of new limits. FRED considers that west longitudes are negative numbers and east
longitudes are positive. As a result, the minimum wesgitade is a number that ggeater than

the maximum west longitude. (The Transall data have east longitudes; the CV-580 and F-106 have
west longitudes.)

This issue is not relevant to latitudes at this time since the CV-580, F-106, and Transall data all
have north latitudes and FRED considers north latitudes to be positive numbers.

8.1.1 Quey Limits select quey.

Clicking on the Qusrboxin the Quey Limit window causes a default report to be generated and
displayed in the Queried Environmental Flashes window.

8.1.1.1 Queried Environmental Flashes.

For each of the flashes, the following information is presented: the Iflgsthe altitude, the
airspeed, the air temperature, the latitude and longitude at which the flash was recorded, the date of
the flash, and the time of the flash (start time).

Double-clicking on a flash in the Queried Environmental Flashes window causes information on all
the waveforms associated with that flash to be disdlan the Waveforms in Flash #n (Queried
Environmental Flashes) window.

8.1.1.1.1 Waveforms in Flash # n (Queried Environmental Flashes).

Double-clicking on a flash in the Queried Environmental Flashes window causes the following
information on all the waveforms associated with a given flash to beydidplathe Waveforms in
Flash #n (Queried Environmental Flashes) window: the wavdidyiine peak value and its units,

the instantaneous peak rate of rise and its units, the Aotegral, and the Charge Transfer.

Clicking on the right mouse button or double-clicking on the left mouse button while a waveform is
highlighted causes ¢hWaveform #n Detail window to be opened. This window displéne

following information for the highlighted waveform: the wavefotB, the aircraft location
description, waveformype, aircraft general location or orientation, noise flag, EMA label, sensing
parameter, saturation flag, the peak value, the time of the peak value, the peak rate of rise, the peak
rise time, the time to peak, the sampling window, the full width at half of the peak, the sampling
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interval, the time to half peak, the saturation high and low values, the trigger threshold, the high-
and low-frequency limits, the full-scale value.

In addition, for current waveforms, the following information is provided: the action integral and
charge transfer and estimated error values for these quantities, the integration start and stop times,
and comments.

The following information is provided on the digitizer: the manufacturer, the model number, and
the number of discretization levels.

The following information is provided on the analog recorder: the manufacturer, the model, the
maximum FM bandwidth and the maximum bandwidth, the dynamic range, full scale, and the
number of channels.

The following information is provided on the sensor electronics: the manufacturer and model, the
lower and upper frequency responses, the accuracy, and the sensor type.

Unless the user closes the Waveform #n Detail window, highlighting another waveform and
clicking the right mouse button or double-clicking on the left mouse button causes the existing
Waveform #n Detail window to be brought to the front of the window stack. It will contain the
previously requested information. To get the detail information on another waveform, the user will
need to close the Waveform #n Detail window before trying to reopen it.

8.1.2 Query Limitsl select plot.

Clicking on the Plot box in the Query Limits window causes_the Environmental Plot Options
window to be opened.

8.1.2.1 Environmental Plot Options.

In the_Environmental Plot Options window, the user may select either the Peak Current or the Peak
Rate of Rise (Peak Rise) to be plotted on the Y axis. For the X axis, the user may select one of
Latitude, Longitude, Temperature, or Altitude. These selections are made by clicking on the
appropriate circle.

The user may accept the default titles, or may change them by typing in the appropriate box.
Changing the X or Y axis parameters changes the title information, so these selections should be
made before changes are made to the default titles.

When the user is satisfied with the selections, clicking on the Plot box generates the plot. More
than one of these plots may be open on the desktop at a time.
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8.1.2.1.1 Plot ofelected plot parameter

The Plot ofselected plot parameterns generated Yo FRED when Plot is selected from the
Environmental Plot Options windowf the user clicks on the Save Rows to File icon, aygtype
report which could be used to create a similar plot will be saved, not the actual plotysténe s
determines thexas limits; the user cannot change tlygstesm selections.

9. PRNT CURRENT SHEETCON.

Clicking on thePrint the Current Sheet icon causes FRED to prepare a print spool file and a
Print default printer name and powrindow to be opened. This window shows the status of the
print job, the default printer and printer port, and allows the user to cancel the print job. Printing is
handled lp the Windows Print Manager, noy IFRED for Windows Print error messages are
handled ly the Windows Print Manager.

10. SAVE ROWS TO EE ICON.

Clicking on theSave Rows toFile icon causes the Save Rows As window to be opened. The
default directoy is shown under the file namexoThe directoy may be changedybincluding the
complete path in the file name box. The file name field is gdghiy typing the new name and
deleting ag unnecessgrcharacters.

The default file ype is Excel.lt may be changedybclicking on the bullet to the left of the desired
file type. The fileypes are shown in table 6.

TABLE 6. AVAILABLE HLE FORMATS

Excel Microsoft Excel format

SYLK Microsoft Multiplan format

DIF Datalnterchange format

Text Tab-separated columns with a hard return at the end of each rqw
WKS Lotus 1-2-3 format

DBF 2 DBase 2

DBF 3 DBase 3

Csv Comma separated values (for entering data into a database)
SQ@ Syntax  Insertion-ype statements for entering data into a database
WMF

Report

WK1

Headers mabe included in the fileyoclicking in the box net to Include Headers.
Clicking on OK causes the file to be saveld.there is alreagla file with the same file name, a

DataWindow will be opened so that the useryroancel the operation or allow it to continue.
Clicking on Cancel in the Save Rows As window returns the user to the last active window.
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11. ROT THE DEFAULT MINMAX WAVEFORM ICON.

11.1 DEFAUT MIN/MAX.

The Default Min/Maxwaveform is a waveform of about 1,000 points. These points are minimum
and maimum range points for intervals selected over the entire waveform to give the user an
overall picture of the waveform without fine structure detail. The user does not need to download
the default waveforms from the CD.

When the Waveforms in Flash #n (Queried Environmental Flashes) window or the Waveforms in
Flash #n (source_name) window is active,Rla the Default MinMax Waveform icon (and the
Default Min/Maxelement under the Plot menu) are availablendt, check to see that the CD is in
place and that the drive is working progerl

11.1.1 GNUPIot.

Clicking on Default Min/Maxor the icon while a waveform is highlighted causes the graphics
package GNUPIot to be opened in a gnuplot window. The selected plot will be uncompressed from
the CD onto the C drive (in the default diregjaand plotted from there. The user needs to ensure
that space is available on the C drive for this plot.

GNUPIot plots the waveform in a gnuplot graph window. yQorle plot may be displayed a a

time. If a second plot is requested, an Error window is opened with the message: STOP Windows
Execute Error: Cannot load second instance of multiple data segment application. Clicking on OK
clears the message. To plot another waveform, the user must close the gnuplot window.

GNUPIot is a Windows program which is separate from and invoigeBRED for Windows
Returnirg to FRED for Windows causes the GNUPIlot windows to go behind BRED for
Windowswindows. <A T><TAB> brings the GNUPIlot windows to the front so thatytban be
closed.

12. ROT THE WAVEFORM AROUND THE PEAKICON.

The Default Peak waveform is a waveform of about 1,000 points around the peak of the waveform.
The user does not need to download the default waveforms from the CD.

When the Waveforms in Flash #n (Queried Environmental Flashes) window or the Waveforms in
Flash #n (source_name) window is active,Rla¢ the Waveform Around the Peakicon (and the
Default Peak element under the Plot menu) are availableot( check to see that the CD is in
place and that the drive is working progerl

Clicking on the icon or Default Peak in the menu causes the graphics package GNUPIot to be
opened as described in paragraph 11.1.1.
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13. REQUEST/NEW ALOTSICON.

The results of clicking on éhRequest/ViewPlots icon depends on whether the user has already
downloaded waveforms for the referenced flash.

If no waveforms have alreatheen downloaded for this flash, clicking oe Bequest/ViewPlots
icon causes the Desired Attributes for Plotting Waveform #n window to be opened. (See paragraph
13.1)

If waveforms have alregdoeen downloaded for this flash, clicking on Request/View Plots
icon causes the Plots for Waveform #:n window to be opened. (See paragraph 13.2.)

13.1 DESRED ATTRIBUTES FOR RPOTTING WAVEFORM #n.

The complete path must be entered in the File Name field. The user must click on the Browse box
which will activate the Compressed GNU File Select window. This window shows GNUPIot files
which have alreadbeen downloaded to the user’s diregtofhe user maselect one of these files

by double-clicking on the desired file. Otherwise, the usertypee an gisting or new file name in

the space providedlf the user forgets to add artension to the file name, a window will open

with the message: ! filename.xxx  This file name is not \alid. Clicking on the OK box in this
window will return the user to the Compressed GNU File Select window.

Clicking on the OK box in the Compressed GNU File Select window returns the user to the Desired
Attributes for Plotting Waveform n window with the complete path and file name in the File Name
field. Clicking on the Cancel box returns the user to the Desired Attributes for Plotting Waveform
n window with the File Name field unchanged.

The user mycustomize the data to be downloadgdehtering or changing values in the various
boxes. Data myabe considered as time values or data points. Data points is the default value.
Clicking on the down arrow box next to the Select box shows both Points and Times. Clicking on
the desired value causes that value to be selected. The times are in nanoseconds, as & shown ne
to the from and to boxes in the Select line.

The from and to boxes are used to limit the number of points to be downldédedchanges are

made in these boxes, the whole waveform will be downloaded. For analog waveforms, this could
mean as manas 4 million data pointslf the user's modem speed is low, this data transfer could
take as much as an hour. The from value gives the data start point. The to value gives the data end
point. Plots of more than 1,000 data points do not show much detail. However, the user may
download more points and then use the zoom function of gnuplot toydsspédler segments. (See

the GNUPIot manual.)

Because calculations and data reductions on entire waveforms are compute-intensive, these
computations can be done on the FRED Data Server before the data is downloaded. Calculations
are selectedybclicking on the circle nd to the desired item. Data reductions are selected by
clicking on the down arrow borext to the “points ” box and then clicking on the desired
selection.
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Calculation and data reduction functions may both be applied to the selected waveform. If both are
selected, the calculation is applied first, followed by the data reduction function.

Calculations:

. Selecting Integrate causes the integral of the waveform over the selected set of points to be
downloaded.

. Selecting Integrate Squared causes the integral of the square of the waveform over the

selected set of points to be downloaded. (This is useful for calculating Action Integrals of
current waveforms.)

. Selecting Differentiate causes the derivative of the waveform over the selected set of points
to be downloaded.

Data Reduction:

The various data reduction options are offered so that the user can get an overall perspective of a
given waveform. For each of the following data reductions, a number, n, must be entered in the
Reduction Points field. If no number is entered before selecting the data reduction option, a divide-
by-zero error occurs, which causes FRED to shut down.

. Averaging causes the average value of each interval of n points to be downloaded. If there
is a gap in the data in an interval, the average value of that interval is set to the gap value.

. Decimating causes every nth point to be downloaded.

. MinMax causes the minimum point and the maximum point of each interval of n points to
be downloaded. If there is a gap in the data in an interval, the minimum and maximum
values of that interval are set to the gap value.

“Set data to zero below” and “and above” fields are used to filter out noise. These fields define
Y axis values, between which all data points are set to 0. The purpose is to hide the noise values in
that range, particularly for integration and differentiation.

When the user is satisfied with the selections in this window, clicking on the Download box starts
the process of downloading a file.

NOTE: The Internet connection MUST be established before the user clicks on the Download
button for the download to be successful. (See paragraph 3.7.) In addition, the user
should be aware that downloading files will require space on the specified drive.

If the user has selected an existing file name for the file to be downloaded, a Question window will
open asking if the user wants to overwrite an existing file. If the user clicks on Yes, the process
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continues and the file is overwrittef the user clicks on_No, the Desired Attributes for Plotting
Waveform #n becomes the active window so that the usechaamge the file name.

13.1.1 Downloading a File.

When the user requests to download a file, the Idsetification window is opened. The user will
need to ype both his uselD and password in the appropriatexé®. Do not press <Enter> to
move from one box to the other. Pressing <Enter> initiates the action. If no password has
been entered, the download will be initiated but then teninated. An Error window will be
opened with the followingmessage: ST® Windows Sockets Error: Valid name, but no data
record. Clicking on OK returns the user to the_Desired Attributes for PlottingWaveform #n
window.

When the user presses <Enter> or clicks on OK in_the ldatification window, a_ Status
Information window is opened with the following message: File is being downloéidiée: user

is not connected to thtNEEL, the download will be initiated but then terminated. An Error
window will be opened with the following message: STOP Windows Sockets Error: Valid name,
but no data record. Clicking on OK returns the user to_the Desired Attributes for Plotting
Waveform #n window.

If the user is connected to the FRED Data Server, a window will be opengthgdtie user that

the file has been received. Once receipt has been acknowledged, a window is opened to ask if the
user wants to plot the filelf the user clicks on No, the Waveform #mndow is active. Changes

may be made to affield in this window &cept the File Name fieldlf the user makes changes and

clicks on download, the revised waveform will be downloaded, replacing the existing plot.

If the user clicks on Yes, GNUPIot is invoked and digpthe waveform.

13.2 ROTS FOR WAVEFORM #:n.

If waveforms have alregdoeen downloaded for this flash, clicking on Request/View Plots

icon causes the Plots for Waveform #:n window to be opened. This windowyslisgtamation

on the waveforms that have alrgdzeen downloaded. Using icons at the side of the window, the
user mg Add, Delete, Mody, or Plot subset waveforms.

13.2.1 Add.

Clicking on the Add box in the Plots for Wavefo#:n window causs the Desirel Attributes for
Plotting Waveform # n window to be opened. The functioning of this window is described in
section 13.1.

13.2.2 Delete.

Clicking on the Delete box in the Plots for Waveform #: n window causes a Questatow to be
opened. This window allows the user to wetifat the waveform record and file are to be deleted.
Clicking on the No box in this window returns the user to the Plots for Wavefornviidow with
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no action taken. Clicking on the Yes box in this window returns the user to the Plots for Waveform
#: n window with the origina}l highlighted waveform no longer in the waveform list.

Note that if the user has copied waveform files to a backup medium, returning these files to the
directoy in which FRED resides is not sufficient. When a file is deleted thréiRED for
Windows internal FRED records are also changed.

13.2.3 Modif.

Clicking on the Mod#y box in the_Plots for Waveform #: n window causes_the Desired Attributes
for Plotting Waveform # n window to be opened. The functioning of this window is described in
paragraph 13.1. Note that this window is used to change the attributes for a given waveform. The
waveform name myanot be changed, but the attributes for that wavefory lmeachanged. The
revised waveform will replace theisting waveform.In other words, modyfshould not be used to

get additional waveforms, but to correct or changstiag waveforms.

13.2.4 Plot.

Clicking on the Plot box in the Plots for Waveform #: n window causes the gagaukage
GNUPIot to be opened in_a gnuplot window. GNUPIot then pla$itfhlighted wavefom in a

anuplot graph window. Owlone plot mg be displged at a time.lf a second plot is requested, an
Error window is opened with the message: STOP WindowsEe Error: Cannot load second
instance of multiple data segment application. Clicking on OK clears the message. To plot another
waveform, the user must close the gnuplot window.

14. A OSEICON.

When the user clicks on tl&oseicon, FRED for Windowsis closed down. No information is
saved for the user. @IBQL icon my or mg not close. The gnuplot dgnupld graphwindows
are not closed. (Closing the gnuplot window automagicddises the gnuplot graptindow.)

15. HERARCHY OF WNDOWS 1 MENUS.

Pull-down menus are located at the top of the screen. Table 7 describes the options available under
the various menus. Clicking on the menu title reveals the selected menu. When a menu opens, the
user mg notice that some of the selections on the menu appear faded. Faded elements are not
available to the user. Clicking on a faded element does nothing. Meplensed Y clicking

on the menu title onpressing <Escape>.
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TABLE 7. MENU DESCRPTIONS

Filed Provides Basic Background Operations
e Openl opens théollowing datawindows
Sources
Report
SQL Report
Envirormental
e Printer SetupO allows the user to change the default printer
e Printd prints data fran the activevindow
e Save to Fil&] saves data fra the activenvindow to a file selectedybthe user
* Plot Locatio] allows the user to change the default path for Default Min/Max and De&&akltplots
* Plot Host Option&l allows the user to change the address of the Host (Not ggneyadl.)
*  Close closes=RED forWindows

Rows] Limits Data In Reports and Files
«  Sortd rearranges data based on sort wois; usemay choose ascending or descending sorts
«  Filterd limits data based on filters selectaotibe user
« Detaild rearranges data to print on one page

Plot] View Plots
e Default Min/MaxJ 1,000 data points across thhole waveorm
e Default Peakl 1,000 data points around the peak valuthnewaveorm

¢ Request/Viev( allows the user to denloadwaveorms from the FAA Server or
view plotswhich have been previoystlovnloaded

Window(] Rearrange Windas and Icons
« Cascade overlapwindows so that the top borders are visible
e Layer] arrange windows a top d one ahother
« Tile andTile Horizontall arrangewindows so that alwindows are visible
¢ lcondd rearrange icons at the batiof the desktop

Helpd Access Online Help Screens

16. HLE MENU.

16.1 OPEN.

Clicking on Open in the File menu opens a submenu which allows the user to open sources, reports,
SQL reports, and environmental data and plots.

16.1.1 Sources.

Clicking on Sources in the Open menu opens the Sources window, as described in paragraph 5.1.
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16.1.2 Report.

Clicking on Report in the Open menu opens the Ad Hoc Reporting window, as described in
paragraph 6.1.

16.1.3 SQ Report.

Clicking on SQ Report in the Open menu opens theLSQuery window, as described in
section 7.

16.1.4 Environmental.

Clicking on Environmental in the Open menu opens_the YOuienits window, & describé in
section 8.

16.2 PRNTER SETUP.

Clicking on Printer Setup in the File menu opens the Printer Setup window. This allows the user to
change his local printer and printer options in Windows without having tee IERED for
Windows Printers that the user has alreatkfined are displed. Windows manuals mée
consulted for more information on these functions.

16.3 PRNT.

Clicking on Print in the File menu casdeRED forWindowsto print information from the active
window. Since printing is done through the Windows Print Manager, clicking on Cancel while the
PC is preparing the print job cancels the job.

16.4 SAVETO HE.

Clicking on Save to File in the File menu causes_the Save Rows As window to be opened, as
described in section 10.

16.5 ROT LOCATIONS.

Plot Locations allows the user to spgdilirectories wher&RED forWindowswill store plot files.
Clicking on PlotLocations opens the Default Plot Hlecation(s) window.In this window the
user m§ chamge the director in which the Min/Max Plot files will be saved and the diregtor
which the Peak Plot files will be saved. These directories do not have to be the same.

Clicking on the Save button in the Default Plot Eitgcation(s) window causes the new directories
to be saved and closes the window. Clicking on the Cancel button in the Default Plot File
Location(s) window causes the window to close without changing the directories.
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16.6 ROT HOST OPTONS.

Plot Host Options allows the user to spedtie Host on which the complete FRED waveforms
reside and the port number. Clicking on Plot Host Functions opens the Plot IB&keation
window. In this window, the user pa&hange the name of the Plot Host or the Port Number.

There are twdP addresses that will access FRED at this time:

. holodeck.inel.gov at 134.20.4.50
. gate-holodeck.inel.gov at 134.20.163.43

Both can be accessed at port 5080.

The software is preset to the correct addrélsghe connection to the remotgsgem fails, the Host
Option can be used either to enter tRedot address (i.e., at 134.20.4.5¢pdssing the name
server) or to use the othiét address (i.e., holodeck.inel.gov). This optioly bw®used in the future
if the remote server is moved to a different server. You will be notified forofahis change if it
should occur.

Clicking on the Save button in the Plot Servdormation window causes the new directories to be
saved and closes the window. Clicking on the Cancel button in the Plot S#orenation
window causes the window to close without changing the directories.

16.7 @ OSE.

Clicking on Close causdsRED for Windowsto be shut down. No information is saved for the
user. TheSQL icon mgy or mg not close. The gnuplot and gnuplot grapimdows are not
closed. (Closing the gnuplot window automaticalbses the gnuplot grapfindow.)

17. ROWS MENU.

17.1 SORT.

Clicking on the_Sort field under the Rows menu causes the $&mif Columnsvindow to be
opened. The user selects columns on which to gatidking on the desired column and pressing

the left mouse button while dygng the item into the Columns block. Ascergisort is selected

when there is an x in the box next to the column name. Ascending is the default. The user may
change from ascending to descending (and bacgljdking on the box under Ascending.

When more than one column is selected for sorting, the data will beyddpia the order
determined ¥ the first column. Records with the same value in this column will further be sorted
in the order determinedylihe second sort column. Records with the samg anthe first and
second sorts columns will be further sorted in the order deternyrtibe tthird sort column, and so
forth.
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Double-clicking on a column in the SpacBort Columns window, causes the Mgdixpression
window to be opened. This window is the same as the $peltdr window and allows the user to
filter the data at the same time as the sort is being performed.

17.2 HLTER.

Clicking on _Filter under the Rows menu causes the SpEitiér window to be opened. The user
may select columns from the Columns block and functions from the function boxes or the
Functions block ¥ clicking on the desired item. The desired item will appear in the working block.

If an argument is required for a function, the argument indicator will be highlighted in the working
block. When the user clicks on a function or column, the argument indicator will be replaced by
the item on which the user clicked.

It is not required that the user select itemsgugimouse. While the cursor is in the wogkiplock,
the user maenter information from the lgboard. This can be faster if the user knows the required
commands, but is rigksince there is no spell checker provided.

When the cursor is in the working block, the usey type column names or other information.
Using the <Tab> and <Back Tab>ykethe user mahighlight function blocks. Pressing <Enter>
while a function block is highlighted causes the function to be entered into the filter definition.

Clicking on the_Very box causes FRED to review the requgpttl in the working block. The
Verify function opens a DataWindow that will contain one of two messages: “Filter is OK.” or
“Expression is not valid.”, or it ngacontain an indication of the error identified.

This window mg be closed without apphg a filter ky clicking on Cancel. When the user clicks

on OK, the filter is applied if it is validIf the filter is not valid, a DataWindow window opens
containing the message: Expression is not valid. Clicking on the OK box closes the DataWindow
and returns the user to the Speéiiiter window.

17.3 DETAL.

Clicking on Detail causes a Detalindow to be opened. This window contains additional
information for the highlighted item. The format is such that the information would fit on one
printed page, should the user desire to print it.

18. R.OT MENU.

18.1 DEFAU.T MIN/MAX.

The results of clicking on Default Min/Mar the Plot menu are the same as clicking eMllot
the defaultminmax wavefom icon as described in section 11.

18.2 DEFAU.T PEAK.

The results of clickig on Default Peak in the Plot menu are the same as gjickirthePlot the
waveform around the peakicon as described in section 12.
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18.3 REQUESTNEW.

The results of clickip on Request/View in the Plot menu are the same as diakmn the
Request/ViewPlots icon as described in section 13.

19. WNDOW MENU.

19.1 CASCADE.

The Cascade function is used to rearrange windows and icons which are open on the desktop.
Clicking on Cascade in the Window menu causes opened windows to be offset such that the top
frame of each window and yicons at the bottom of the desktop are visible. Up to seven windows
can be displged in this wg (depending on whether there are icons at the bottom of the dedktop).
more than seven windows are open, later windows will completelrlay earlier ones. The active
window will be on top.

19.2 LAYER.

Clicking onLayer in the Window menu causes opened windows to be expanded to fill the desktop.
The active window will be on top. No other windows (or icons at the bottom of the desktop) will
be visible.

19.3 TLE AND TILE HORZONTAL.

Clicking on Tile or Tile Horizontal in the Window menu causes opened windows to be arranged so
that the icons at the bottom of the desktop and the contents of all windows can be seen at the same
time. The more windows and icons there are, the smaller each individual window will be.

The opened windows are positioned in matrix fashion. Tile causes there to be more columns than
rows. Tile Horizontal causes there to be more rows than columns.

19.4 ICONS.

Clicking onlcons in the Window menu rearranges icons at the bottom of the desktop. This feature
has no effect on the running BRED forWindows It merey makes things look neater if icons
have gotten dragged out of line.

20. HA P.

Help can be reached through both Hedp icon and the Help menu. The useryntasoke help

when most windows are active. Theceptions to this are pop-up windows which require a
response from the user. No other action can take place until the user acknowledges the message in
the window.

Help has two different actions when invokegl the user. If there is on} one topic which is
appropriate to the active window, that help topic will be disgga If more than one topic is
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available, the search screen is digpthso that the user snaelect the topic which best suits his or
her needs.

If the user invokes help with no active windows, the help table of contents iyelisplahe user
may select topics from the table of contents or use tipedel search function.

21. GENERA INFORMATION ON DATA PROCESH\G.

21.1 COMPUTATON OF PEAK-REATED VALUES.

The Peak Value is defined as the point in the waveform with the greatest absolute value.
The Peak Rise is defined as the greatest slope between two adjacent points in the waveform having
the same gn as the peak valudts location is considered to be the first of the two points which
define it.

Peak Rise = mdabs((y-yi-1)/dt)), 1= 2,npts

Time to Peak Value is the total time from pulse initiation to peak value.

Time to Half Maximum is the total time from pulse initiation to the first point which equals or
exceeds half of the peak value.

Full Width at Half Maximum is the total time from the first point prior to the peak value which
equals or eceeds half the peak value, to the first point after the peak value, which is less than or
equal to half the peak value.

21.2 DETERMNATION OF PUSEINITIATION/TERMINATION.

The determination of the time_to_peak, time_to_halk,nmend full_width_at_half max peak-
related values depend on the points where the pulse begins and ends. These points have been
defined as shown below:

a. Pulse Initiation(] The last point in the waveform prior to the peak value, where four
consecutive slope changes can be found through points which lie between the low and high
epsilon values (described in paragraph 21.2.1).

b. Pulse Termination The first point in the wavefornafter the peak value, where four
consecutive slope changes can be found through points which lie between the low and high
epsilon values (described in paragraph 21.2.1).

21.2.1 Computation of Epsilon Values.

The intent of the high and low epsilon values (h_eps and |_eps) is to define a range of values, where
points within it m& be considered noise and not part of the pulse. The computation of these values
is given below:
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For each set of 512 points in a data buffer, until h_eps and |_eps are found:

Compute the mean value of the first 256 points in the set and the following 256
points in the set. Call themeanl andmean2.

Compute the standard deviatiorisytean1 andmean2. Call themsdlandsd2 If,
then

(mean2 - 2*sd2)<meanl<(mean2 + 2*sd@y
(meanl - 2*sd1)<mean2<(meanl + 2*sd1)

Compute the mean of the entire 512 points (MEAN);
Compute the standard deviation (SD) of this mean;
Set|_eps = MEAN - 2*SD
Set h_eps = MEAN + 2*SD
Do not accept h_eps or |_eps unless h_eps>0
Otherwise, go on to meset of 512 points in the buffer.

If, during the use of these epsilon values, it is determined that the choices for their values produce
unacceptable values for the calculation, an amount equaling one-tenth of the peak value is added to
h_eps and subtracted from |_eps. This is repeated until calculations using these values produce
reasonable results.

21.3 ERROR COMPUTAION.

While usualy straightforward, the data conversion process for FRED calculated three derived
values of interest. Two of the values provia@exted errors for the charge transfer and action
integral for current waveforms. The description of their calculation follows in this section.

The charge transfer is the integral (over some defined pulse duration) of the current.ySimilarl
the action integral is the integral (over the same pulse duration) of the square of the current. To
obtain the true current values for use in the integration, it is negessaemove from the
digitizer output ap offsets due to background or digitizer shift. The baseline validge whose
determination was described earlier, is assumed to represengitizedoutput in the absence of

ary current flow. Thus, it should be subtracted to obtain the true value of the current.

The pulse duration is a matter of interpretation, but is limite¢hb pulse initiation and pulse
termination times previougldefined. Note that the definitions used for pulse initiation and
termination are somewhat self-scglim the sense that thettempt to identif stable returns to

the baseline of the current waveform. This should be effective in capturing a continuous series of
relatively fast oscillations as well as in capturing a single long duration, slolndnging pulse

but will not pick out an individual outstandjpeak within a series.
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To give the FRED user a feel for the expected accuracy of the charge transfer and action integral
calculations, two error quantities are computed for each quantity. A statistical error is calculated
in order to set the scale of random fluctuations in the measurement process. A systematic error is
also calculated and mainly represents the uncertainty associated with the baseline determination.
The procedure for estimating the errors follows.

The waveform is divided into sets of ten points each. For each of the sets, the means of the
current and square of the current are calculated, eliminating spurious contributions.

ZO ~ Xpase) (1)

0 2 ()

o
J j bas

where:
i is the sample index within the set
] is the set index in the waveform
J is the total number of sets in the waveform
Xbase IS the baseline value for the current
Xi is the value of the ith sample in the gét
o is the error associated with the determination of the baseline value

For each set, the standard deviations are computed for the csirjernd square of the current,
S, using

Sl_J = \/Z[(Xi,j ~Xpas _ﬁ]z )
S 10 2 2 (4)
S2.j :\/Z[(Xi,j _Xbase) —|—J2_|

From the J sets of values and deviations, a subset is selected for averaging to obtain quantities to
be used to represent the deviations of the current and square of the current for the entire

waveform. To select the subset, a variable width band symmetric about the current baseline

value is defined. The width of the baali, is adjusted until one half the sets,satisfy

—Ar<| <A ®)

31



where
n.=J/2.

Then the mean deviations of the current, and the square of the current;, eare

1 —
€r=— f i St (6)
nr IE
and
1 —
€r = — f i So,r (7)
nr j:
with
fir =1 if equation 5 is satisfied,

= 0 if equation 5 is not satisfied.
This procedure assumes that at least half of the waveform has no signal or that the signal value
changes little over a ten sample interval. In this case, reasonable root mean square (rms)
estimates are obtained for the random fluctuations associated with current and the square of the
current. If there is significant change in signal values within many ofteelected sets, these
rms estimates will be exaggerated and the statistical error estimates for charge transfer and action

integral will be similarly exaggerated. With this in mind, the estimated statistical error on the
charge transfer is

EC,stat = (V N pulseAt) €ir (8)
where

Npuise IS the number of samples between initiation and termination of the pulse
At is the sampling interval for the waveform

The estimated systematic error ©nthe charge transfer, is
EC,sys = (N pulseAt)a (9)

The estimated statistical error on A, the action integral, is

2 2
EA,stat = N pu|5e (At ez’ r) + 4AAt el,r (10)
The estimated systematic error on the action integral is

Enss= [ (N, At) - 2C] (11)
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The estimated erroEc, on the charge transfer and the estimated dfQmn the action integral
may then be represented as

Ec = % Ecsa® Ecsys (12)
and

Ea=*Easa® Easys (13)
The chief value of these error estimates is in evaluating the significance of values of charge
transfer and action integral calculated for a waveform. The size of the estimated error relative to

the calculated value must be small for charge transfer or action integral quantities to be useful.

21.3.1 Noise Waveform Determination.

Not all of the sensors available on the aircraft detected appreciable signal from the strike. This
meant that several of the waveforms consisted of nothing but the underlying noise inherent in the
system. The conversion process performs calculations that attempt to identify these “uninteresting”
waveforms. This algorithm was also developed by Dr. J. Elliott.

There are three tests that can be performed on a waveform. The first test consists of selecting 10
sets of 10 points each at uniform locations over the waveform. Each set is used to calculate a mean
and standard deviation. The 10 means are tested pairwise for consistency of being measurements of
a single value. A (generous) 10 standard deviation difference is allowed before a pair is judged as
coming from different underlying distributions. If this test is exceeded, the waveform is judged as
having some signal and not being a noise waveform, and the second and third tests are not applied.
Most waveforms containing a signal will be detected by this test, meaning that, normally, the
second and third tests are not applied.

The second and third tests are described in the following steps:

a. Calculate the standard deviation and mean over the entire waveform.

b. Calculate the delta, which is the factor used to scale the digitizer count into actual data
values.

C. Calculate the bandwidth for use in the final iteration. If the number of points outside the

calculated band is zero, a noise waveform has been identified. (Second test.)

d. Calculate the final bandwidth. If no points are found outside this band, a noise waveform
has been identified. (Second test.)

e. Scan the waveform one more time. If two consecutive points are found outside the band, a
non-noise waveform has been identified. (Third test.)
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22. CV-580 DATA.

22.1 FUL-SCALE VALUE.

22.1.1 Definitions.

Full-scale value is the largest magnitude which can be measured for a givery.qUdmsitvalue is
determined ® the sensor, its signal processing cirguitand the recording and plaack
instrumentation. There is also a level, whichyrbha equal to or smaller than the full-scale value,
above which the sensor/recordingtem response is no longer linear with respect to the primary
quantiy being sensed. This level is known as the saturation threshold. Saturation ¢an accu
number of wgs (e.g., saturation of the gain of an amplifier in the signal processing girouitr
saturation of the analog recording magnetic tapes). These forms of saturatignrasubilat least
initially, in an increased output for an increased input but with a reduced propoytitacadt (i.e.,

gain compression). On the other hand, a digitizer has an input limit corresponding to its maximum
digitized output; apand all signals exceeding this ingigld the same fixed output.

For the data digitized from the CV-580 analog recorder, the measurementyquastited to the
user (from the report EMA-90-R-35) is calculated using the following formula:

D=K*F *Fy*(5.12/2048) * (sample value - 2048) (14)
where D is the scaled data;i& the Sensor Scale Factor (SSFypts units divided othe sensor
voltage); F is the Record Scale Factor (RSF) (the sensor voltage divydie lape voltage); and
Fq is the Data Scale Factor (DSF) (the digitizer counts divigethd sample value units). The
factor (5.12/2048) is the tape unit voltage dividgdhe digitizer counts.

22.1.2 Full-Scale Value.

Full scale is obtained when the sample value achieves xisnona value of 4096. Thus, the full-
scale value is as follows:

Full-Scale Value = F F, * F4 * 5.12 (15)

22.1.3 Saturation Threshold.

In general, the CV-580 instrumentation was set up to give linear response, as long as the voltage
presented to the analog recordeggVini) was less than 1.4 v (i.e., less thaned-Wearsquard.  This
implies that the saturation threshold is as follows:

Saturation Threshold =EF, * Fq* 1.4 (16)

22.2 SCAE FACTORS.

There are three scale factors for each channel of data recorded: SSF, RSF, and DSF. SSF is
defined from the sensor, and the cirguithat followed it, transforming the péical quantity
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measured into a voltage input to the tape recorder. RSF is the ratio of input of the recorder in
record mode to the output in playback mode. This factor could be set manually by the tape
operator. DSF is used to account for the different quantization levels of the Frequency Modulation
(FM) and Direct channels. These scale factors are necessary to get properly scaled values from the
data and are all recorded in the data records. To convert the data from the units stored in the file
into physical units, use equation 1.

The FM channel sample values are stored in two bytes, while the Direct channel sample values are
stored in a single byte.

22.2.1 1984 Scale Factors.

In 1984, the SSFs were derived from two handwritten documents: a list of the scale factors and
calibration data for the JS sensors and the set of circuit diagrams. These documents are consistent;
however, the circuit diagram for the JS sensors does not show the low channel. The only change
during the year was on September 5, 1984, the final recording date for that year, for the JNFF-L and
JNFF-H channels.

The documentation for the 1984 data was difficult to obtain due to the length of time between data
acquisition and digitization. The main difficulty was determining the gain settings on the analog
tape recorder to get the RSF. A reference signal was recorded, however, at the beginning of most of
the tapes to be used to compute these gain settings. The signal was recorded at the beginning of the
first tape used on a given flight and on the subsequent tapes of that flight if time permitted.
Reference signals were found for four of the five flights in 1984. This reference signal was not
found on the 1985 or 1987 data tapes, although an exhaustive check was not done. The July 11,
1984, files, for which no signal was found, have the same scale factors as the July 13, 1984, data,
since no other information was available.

When recorded, this reference signal was fed into an input on the tape drive, recorded on all
channels simultaneously, and appropriately scaled according to the gain setting on each channel.
The signal was a square wave of 100 Hertz (Hz) with no direct current component. When recorded
on an FM channel, the square wave is well preserved and reproduced, because most of its energy
was in band. Since the low frequency -3 decibel point is 400 Hz for the direct channels, much of
the energy in the 100 Hz square wave is filtered out on these channels. Fourier analysis reveals
that, although the signal loses much of its energy and shape, the peak is preserved around the
transition points.

The amplitude of the recorded signal was assumed to be 10 volts peak to peak, based on the
original design specification for the signal source. The tape scale factor for a given channel was,
therefore, determined by playing the tape and observing the peak vgluwé (v recorded signal

on an oscilloscope and dividing into five:

Scale Factor = 5§/ a7)
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22.2.2 1985 Scale Factors.

In 1985, the SSFs were given in two documents. One is a portion of a BASIC program listing used
to process the data and the other is a set of circuit diagrams for the sensors. The factors did not
change during the year in either document with the exception of one channel. The program listing
shows the ILW-L SSF as changing from 6.9 to 5.0 on the last strike. However, this change is most
likely an error. The other factor for this channel is not listed. Ignoring this channel, the documents
do not agree for seven other channels.

Also, there is no drawing of a JSFF-L channel in the circuit diagrams. Since the program listing is
more recent and should include any modifications to the hardware since the initial design, it was
used as the source for these factors. The low channel of all the current shunts has a scale factor of
about 250 in both documents, so the ILW-L channel factor was also set to this value.

The RSFs are described in two documents, also not entirely consistent: the BASIC program listing
described above and the Honeywell setup documents for 1985. There were two changes in RSFs in
1985. However, the dates listed on the changes do not agree for the final set of changes. The date
listed on the setup document does not include the final strike, but there is no page showing another
set of changes for that date. Tables 8 through 12 show the information contained in the two
documents.

The Honeywell setup document was used in the event of a discrepancy, because it is believed this
record was created at the time the tape drive was adjusted. The final set of scale factors was
extended to include the final strike.

TABLE 8. 1985 SENSOR SCALE FACTOR DISCREPANCIES

Channel Sensor Circuit Diagram Program ListinJ;

2 JSFF-L 600
4 JSFF-H 306 600
5 JNFF-H 220000 9.43x10’
6 JSLW 306 600
7 INFF-L 110000 4.55x10"

16 JSRW 306 600

18 JSAF 306 600

20 IDOT 3200 72

22.2.3 1987 Scale Factors.

In 1987, the SSFs were derived from a single document. Therefore, no discrepancies occurred.

The RSFs were obtained from the same document, as well as the Honeywell setup for that year, and
both sources agreed.
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TABLE 9. 1985 RECORD SCALE FACTOR DISCREPANCIES

Channel Sensor D1 PL1 D2 PL2 D3 PL3
2 JSFF-L 1.39 14 1.39 14 1.39 2
3 TRIGGER 0.694 1.0 0.694 0.69 0.694 1
4 JSFF-H 6.94 6.9 6.94 6.9 6.94 5
5 JNFF-H 6.94 6.9 2.00 2.0 6.94 5
6 JSLW 6.94 6.9 6.94 6.9 6.94 5
7 JNFF-L 6.94 6.9 2.00 2.0 6.94 5
8 ILW-H 6.94 6.9 6.94 6.9 6.94 5
9 JNLW 6.94 6.9 5.00 5.0 6.94 5

10 ILW-L 6.94 6.9 6.94 6.9 6.94 5
11 JNRW 6.94 6.9 3.33 3.3 6.94 5
12 IRW-L 6.94 6.9 6.94 6.9 6.94 5
13 EFR 1.04 1.04 1.04 1.04 1.04 1
14 IRW-H 6.94 6.9 6.94 6.9 6.94 5
15 JNVS 6.94 6.9 3.47 35 6.94 5
16 JSRW 6.94 6.9 6.94 6.9 6.94 5
17 BDOT 6.94 6.9 6.94 6.9 6.94 5
18 JSAF 6.94 6.9 6.94 6.9 6.94 5
19 HFR 1.04 1.04 1.04 1.04 1.04 1
20 IDOT 6.94 6.9 6.94 6.9 6.94 5
21 Lww1 1.04 1.04 1.04 1.04 1.04 1
22 ITB-H 6.94 6.9 6.94 6.94 6.94 5
23 LWw?2 6.94 1.04 6.94 1.0 6.94 1
24 ITB-L 6.94 6.9 6.94 6.9 6.94 5
25 VHF120 1.39 1.04 1.39 14 1.39 2
26 IVS-H 6.94 6.9 6.94 6.9 6.94 5
28 IVS-L 6.94 6.9 6.94 6.9 6.94 5

D1 = Honeywell setup document (May - 24 June)

PL1 = Program listing (May - 24 June)

D2 = Honeywell setup document (26 June - 24 July)

PL2 = Program listing (26 June - 24 July)

D3 = Honeywell setup document (25 July - 27 August)

PL3 = Program listing (25 July - End of project)

37



TABLE 10. 1984 CHANNEL MAP AND SCALE FACTORS

SSF
DIR/ RSF RSF RSF RSF RSF 11 JUL- SSF
Channel Sensor FM 11JUL | 13JUL | 07 AUG | 17 AUG | 05 SEP 04 SEP 05 SEP DSF Units
1 TIME CODE FM N/A N/A N/A N/A N/A N/A N/A N/A N/A
2 JNLW (HIGH) DIR 8.33 12.50 11.10 10.00 8.85E-7 8.85E-7 16 C/m**2
3 TRIGGER DIR 1.19 1.19 1.19 1.19 1 1 16 V
4 JNLW (LOW) DIR 4.17 5.56 5.56 4.44 8.59E-8 8.59E-8 16 C/m**2
5 JNFF (HIGH) FM 10.00 12.50 10.00 12.50 9.96E-7 1.99E-7 1 C/m**2
6 ILW (HIGH) DIR 3.13 5.00 4.55 4.55 5.1E3 5.1E3 16 A
7 JNFF (LOW) FM 9.10 12.50 11.10 12.50 5.05E-8 1/.00E-7 1 C/m**2
8 JSLW (HIGH) DIR 5.26 7.14 7.14 7.14 467 467 16 A/m
9 JSFF (HIGH) DIR 5.00 7.14 7.14 7.14 519 519 16 A/m
10 JSLW (LOW) DIR 5.56 7.14 8.33 7.14 50.4 50.4 16 Alm
11 JSFF (LOW) DIR 7.69 10.00 10.00 10.00 55.7 55.7 16 Alm
12 JSRW (LOW) DIR 4.17 6.25 6.25 5.88 54.0 54.0 16 Alm
13 JSAF (LOW) DIR 4.17 6.25 7.14 5.88 55.1 55.1 16 A/m
14 JSRW (HIGH) | DIR 8.52 6.25 6.25 6.25 510 510 16 Alm
15 JSAF (HIGH) DIR 2.86 4.55 4.55 4.34 513 513 16 Alm
16 IRW (HIGH) DIR 5.56 7.14 7.14 7.13 5.1E3 5.1E3 16 A
17 JNVS (LOW) DIR 3.33 5.56 6.25 5.26 8.59E-8 8.59E-8 16 C/m**2
18 JNRW (LOW) DIR 6.25 8.33 10.00 7.69 8.59E-8 8.59E-8 16 C/m**2
19 JNVS (HIGH) DIR 4.17 5.56 6.25 5.56 8.85E-7 8.85E-7 16 C/m**2
20 JNRW (HIGH) DIR 5.56 7.14 8.33 7.14 8.85E-7 8.85E-7 16 C/m**2
21 VHF63 FM 5.00 8.33 8.33 4.54 1 1 1 \Y,
22 IRW (LOW) FM 8.33 12.50 11.10 11.10 200 200 1 A
23 EFR DIR 1.19 1.92 1.56 1.19 1 1 16 \Y,
24 ILW (LOW) FM 7.69 12.50 12.50 11.10 200 200 1 A
25 HFR DIR 1.25 1.67 1.67 1.25 1 1 16 A/m
26 VHF63 DIR 2.50 3.33 3.33 1.25 1 1 16 \Y,
27 TACH DIR N/A N/A N/A N/A N/A N/A N/A N/A N/A
28 VHF120 DIR 1.25 1.25 1.67 1.33 1 1 16 \Y,




TABLE 11. 1985 CHANNEL MAP AND SCALE FACTORS

RSF RSF RSF
Channel Sensor DIR/IFM| MAY-24 JUN | 26 JUN-24 JUL| 25 JUL-27 AUG SSFDS F Units

1 TIME CODE FM N/A N/A N/A N/A N/A N/A

2 JSFF (LOW) DIR 1.39 1.39 1.39 600 16 A/m

3 TRIGGER DIR 0.694 0.694 0.694 1 16 \Y

4 JSFF (HIGH) DIR 6.94 6.94 6.94 600 16 A/m

5 JNFF (LOW) FM 6.94 2.00 6.94 9.43E-7 1 C/m**2

6 JSLW DIR 6.94 6.94 6.94 600 16 A/m

7 JNFF(HIGH) DIR 6.94 2.00 6.94 4.55E-7 16 C/m**2

8 ILW (HIGH) DIR 6.94 6.94 6.94 2.94E3 16 A

9 JNLW DIR 6.94 5.00 6.94 8.9E-7 16 C/m**2
10 ILW (LOW) FM 6.94 6.94 6.94 247 1 A
11 JNRW DIR 6.94 3.33 6.94 89E-7 16 C/m**2
12 IRW (LOW) FM 6.94 6.94 6.94 247 1 A
13 EFR DIR 1.04 1.04 1.04 1 16 \Y,
14 IRW (HIGH) DIR 6.94 6.94 6.94 2.94E3 16 A
15 JNVS DIR 6.94 3.47 6.94 8.9E-7 16 C/m**2
16 JSRW DIR 6.94 6.94 6.94 600 16 A/m
17 BdotTB DIR 6.94 6.94 6.94 35.6 16 A/m
18 JSAF DIR 6.94 6.94 6.94 600 16 A/m
19 HFR DIR 1.04 1.04 1.04 1 16 \Y,
20 IdotTB DIR 6.94 6.94 6.94 72 16 A
21 LWW1 DIR 1.04 1.04 1.04 1 16 \Y,
22 ITB (HIGH) DIR 6.94 6.94 6.94 2.94E3 16 A
23 Lww?2 DIR 6.94 6.94 6.94 1 16 \Y,
24 VHF120 FM 6.94 6.94 6.94 247 1 A
25 IVS (HIGH) DIR 1.39 1.39 1.39 1 16 \Y,
26 TACH DIR 6.94 6.94 6.94 2.94E3 16 A
27 IVS (LOW) DIR N/A N/A N/A N/A N/A N/A
28 FM 6.94 6.94 6.94 247 1 A




TABLE 12. 1987 CHANNEL MAP AND SCALE FACTORS

RSF RSF
Channel Sensor DIR/FM| 16 JUL-11 AUG 30 JUL SSF DSF Units
1 TIME CODE FM N/A N/A N/A N/A N/A
2 OPT1 DIR 6.94 6.94 1 16 Y%
3 TRIGGER DIR 0.694 0.69 1 16 Y%
4 JSFF DIR 4.90 0.69 4.E9 16 Alm/s
5 INFF(LOW) FM 6.94 6.94 1.95E-6 1 C/m**2
6 JSAF DIR 4.90 0.69 4.E9 16 Alm/s
7 INFF(HIGH) FM 6.94 6.94 9.74E-7 1 C/m**2
8 JSLW DIR 4.90 0.69 4.E9 16 Alm/s
9 INLW DIR 6.94 6.94 8.8E-7 16 C/m**2
10 JSRW DIR 4.90 0.69 4.E9 16 Alm/s
11 INRW DIR 6.94 6.94 8.8E-7 16 C/m**2
12 ILW(LOW) FM 6.94 6.94 250 1 A
13 INVS DIR 6.94 6.94 8.8E-7 16 C/m**2
14 ILW(HIGH) DIR 6.94 6.94 3.E3 16 A
15 BdotTB DIR 6.94 6.94 35.6 16 Alm
16 IRW(LOW) FM 6.94 6.94 250 1 A
17 OPT2 DIR 6.94 6.94 1 16 Y%
18 IRW(HIGH) DIR 6.94 6.94 3.E3 16 A
19 OPT3 DIR 6.94 6.94 1 16 Y%
20 ITB(LOW) FM 6.94 6.94 250 1 A
21 OPT4 DIR 6.94 6.94 1 16 Y%
22 ITB(HIGH) DIR 6.94 6.94 3.E3 16 A
23 OPTS DIR 6.94 6.94 1 16 Y%
24 IVS(LOW) FM 6.94 6.94 250 1 A
25 OPT6 DIR 6.94 6.94 1 16 Y%
26 IVS(HIGH) DIR 6.94 6.94 3.E3 16 A
27 TACH DIR N/A N/A N/A N/A N/A
28 IdotTB DIR 0.694 0.69 2.E9 16 Als




23. NASA F-106 DATA.

23.1 NASA DRECTLIGHTNING STRKE PROGRAMS, 1982 THROUGH 1984.

During 1982, 1983, and 1984, a lightning-instrumented F-106B aircraft was fipwhre INASA
Langley Research Center. The flights took place in a region within 150 miles of Hampton,
Virginia, where the aircraft was based. A varieif sensors were used to record the
electromagnetic response of the F-106B. The pyimaantities sensed were the following:

. External mgnetic flux densig time derivative
. External electric flux densittime derivative

. External current

. External current time derivative

. Internal wire current

The data sampling intervals ranged from 5 to 40 nsec at different times for different sensors. The
digitized record included either 65,000 or 131,000 samples with pretrigger sampyiimg Wiaom

1/8 to 1/4 of the total time record. More than 2,000 electromagnetic response waveforms
associated with neaylor direct strikes to the aircraft were recorded during tyeass.

Because of the usualkgerimental difficulties with the onboard instrumentation in a severe
environment and because of offboard transcription difficulties, some of the waveforms contained
spurious values. These spurious values were recognized and corrected or elimitreexiginal
researchers at NASA in their aypsib and publication of the data (Thomas and Pitts 1983, Thomas
1985, and Thomas and Cayri986). One of EMA’s major tasks was to ensure that such spurious
data was eliminated from the waveforms submitted to FRED. Furthermore, a positive confirmation
of agreement with the NASA published data was desired. The procedures adopted to achieve these
goals will be described in section 23.3.

23.2 INTRODUCTION.

Before the F-106B waveforms were receivgdBEMA, extensive processing had alrgathken
place. Unfortunatg| calibrated full-time records of the original waveforms no longisted. This
necessitated repeaginthe transcription from the grnal analg flight tapes as well as the
calibration conversion to American Standard Coddrtermationinterchange (ASIC) computer
tapes with waveform data in engineering units.

The flight tapes contained dumps of the digitizers’ memories for each triggelidhtning event.

A Pulsed Coded Modulation (PCM) format was used to store a mpapbtibe digital data on the
analg tape. The data transcription fagiliat the NASALargley Research Center handled the
transfer of the data from analog tapes to 9-track computer tapes. Following transcription,
calibration information was applied to the raw digitizer data and 9-track computer tapes were
written with flight information (see table 13) and the waveform data in anlAB@nat. These

were the input tapes to the processingEMA.
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TABLE 13. F-106B HEADER ENTHES

Column' | Delta | Disk’ | Abbrev. Description Examples
1 1 Continuation (1) or Gmment (1) character 1, 1

2-6 5 FLT Year; Flight Number (YYFFF) 83030

811 4 DATE | Date (MMDD) 0705

1316 4 EVNT Event (N=Nearlgl S=Strke) Number NO01, S010
1819 2 RN Transcription Run Nunber 01,12

21-23 3 * PEN Penetration Nionber 002

25 1 L Last Record=1; Otherwise=0 1

27-30 4 SEN Sensor (leadmp1=Integration) O0DP, 1BL, T123
32-37 6 EU Engineerirg Units Alm?, Tls
3940 2 ns Sampling Inteval (ns) 05, 10
42-44 3 FU Presanple Filter (MHz) 50; 200

46 1 FL Low Frequeng Cutoff 0

4853 6 uTt Universal Tme (HHMMSS) 201503
5556 2 Fs Fractional UT(TH) 33

58-60 3 DIG Biomation (100 or 200); LeCyo(X,Y) 100; 2.1
62-67 6 MEM Memory Size 131072; 65536
6973 5 PTRIG | Pretrigger 25%', 8192
7578 4 TRSO Trigger Source IND®, BL®
80-84 5 o ALT Altitude (ft) 30954

86-89 4 o EDIS Distance (kn) from SPANDAR (+E,-W) -223, 146
91-94 4 # | NDIS Distance (k1) from SPANDAR (+N,-S) | 227,-123
96-98 3 o TMP Outside Air Tenperature (C) -35

100102 3 o TAS True Airspeedrfys) 245

104107 4 TRSO Addition Trigger Source (ORed) DWR, DWL
109112 4 TRSO Addition Trigger Source (ORed) DWR, DWL

Enter spaces in unidentified colos
Zxx Obtained’rom stom hazard database
Percent bmemory size

Pretrigger saples

Independenyl triggered digitizers
Sensor trigger source

o g A~ W

23.3 DATA PROCESHNG.

23.3.1 Data Dropout.

The age and deteriorated condition of the flight tapes precluded use of 1980 and 1981 data.
addition, some tapes from 1982 and 1983 were unable to be prockssddition to the total loss

of a waveform, it was possible that errors on a small portion of tape would cause the loss of data for
a limited number of samples. Because of the recording technique, these partial data losses occurred
as intgral multiples of the basic PCM transcription unit (32 samples for the Biomagizetis in
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1982 and 1983 and 128 samples for the LeCroy digitizer data in 1983 and 1984). Although the data
was lost for these samples, it was desired to maintain the relative timing of the good samples
following those on the bad areas of tape. Since it was thought that the number of lost samples
could be identified, during the calibration conversion an equal number of special valued samples

were inserted in the record as space (actually time) holders. This procedure for dealing with data
dropout was developed by Computer Resource Management, the original contractor working with

the transcribed waveforms.

The data loss was mainly associated with the Biomation digitizer data, because it was older and had
a less robust PCM recording technique. It was not unusual to see waveforms for which as much as
25 percent of the data had been lost. Unfortunately, the space holding technique seemed to suffer
confusion easily and it was not unusual to see waveforms with considerably more data than the
digitizer could have recorded. Consequently, the timing of different waveform features in the
Biomation digitizer data is not necessarily well preserved. Since the Biomation digitizers triggered
independently, this problem has little additional impact in comparing the timing of features in
different waveforms. The LeCroy digitizers had various combinations of common triggers, but no
significant timing problems were observed in this data.

23.3.2 File Format.

The data format for the waveform files sent to the INEEL for input to FRED was the same as that
used in previous efforts described in'Nand Elliott (1992), Ngand Elliott (1992), Elliott and Ng
(1991), Elliott and Weigel (1990), and Thomas and Pitts (1983). The salient features are as
follows:

a. 4096 byte ASCII header record containing all waveform information, except for the sensor
time record.
b. Blocks of 4096 8-bit binary values, one for each of the sampled data points.

23.3.2.1 Header Record.

The basic format of the header records is a 20-character descriptor followed by a 60-character value
for each of the fields. The information is obtained from the following sources:

. NASA header information
. Storm Hazards Database (Fisher et al., 1988)
. EMA processing

23.3.2.2 Binary Waveform Data.

The waveform data is encoded according to the following formula:

data sampleunits of data] = scale factor* (binary value -dig. offsey, (18)
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where theunits of data, thescale factor and thedig. offsetare obtained from the header record,
and the binary value is one of the 8-bit values corresponding to a sampled data point.

An 8-bit value corresponding to 255 is a special value signifying the absence of reliable data at that
point in the sampling series. This value can originate in two different ways. The first was
discussed in section 23.3.1. In this case, values of 255 are merely place holders for data lost during
the transcription process at NASA. The second source of 255 values comes from the removal of
spurious data points by EMA in the data filtering process described below. In this case, a value of
255 is also a place holder. Note that the maximum binary value for the LeCroy digitizers is
necessarily reduced to 254 to preserve the special function for the value 255.

23.3.3 Data Processing Procedures.

A series of procedures was used to process the data, combining computer automation and human
attention. The goal was to process as many waveforms as possible under the available funding,
while ensuring that the data passed on to FRED was useful and free of spurious values. The
multistep procedure was chosen to maximize the throughput by eliminating, as quickly as possible,
the waveforms that could not be salvaged with a reasonable amount of effort. The steps were as
follows:

a. Conversion from ASCII to compact floating point format.

b. Conversion from floating point to 8-bit binary format and addition of header information in
a header block.

C. Removal of spurious data identified by computer program.

d. Inspection of waveform pldisfull-time record and regions of peaks.

e. Waveform data inspection and hand editing, if necessary.

f. Submission of accepted waveforms to the INEEL for FRED input, one tape per flight.

Summaries of the steps are given in the following subsections.

23.3.3.1 ASCII to Floating Point Format Conversion.

At this step all of the files on tape were read from the tape (supplied by Galaxy Scientific
Corporation (GSC)) and written to disk. In the process, the data values, read as a three-digit
scientific notation ASCII quantities, were written to disk using the computers internal floating point
representation. This represented a data compression of more than a factor of four.
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23.3.3.2 Floating Point to 8-Bit Conversion.

For this step, the floating point numbers were compressed to 8-bit values, according to equation 21,
with the appropriate decoding factors generated for storage in the header record. The header record
was also generated at this time using the header information on the input tape and information from
the Storm Hazard Database.

At this point, a first quality check was made by comparing the DSF, obtained from the relevant
NASA publication (Thomas and Pitts (1983), Thomas (1985), and Thomas and Carney (1986)),
with the one derived from the least common denominator of input data. Agreement at the level of a
few percent was required for progression to the next step. Only a few isolated waveforms failed
this test, with the exception of the 1983 Biomation digitizer BDOTWL sensor data for flights 11
through 42. All of these waveforms were lost at this step.

23.3.3.3 Computer Removal of Spurious Data.

The next step performed the automated removal of spurious data from the waveforms. The basic
approach has been described in some detail, with multiple exampleSand\glliott (1992). The

only difference in this project from the previous work is that the point is marked as nondata, as
opposed to trying to provide a corrected value as was done previously. Basically, the change in
value between successive time samples is examined for consistency with the local waveform
behavior. Particular algorithms deal with known digitizer and transcription failure modes. An
example of a readily recognizable type of spurious data is a value which is similar to its neighbors,
except for the high order bit of its binary representation being set on. This is common failure mode
of digital electronics and data, showing that a signature should be removed, which, in this case
means having its 8-bit value set to 255.

23.3.3.4 Inspection of Waveforms.

To prepare for visual inspection of the waveforms, two sets of plots were made. The first set
displayed the full-time record of the waveform as originally received, as well as after the automatic
spurious point removal. The second set of plots also displayed before and after data but only for
smaller time sections of the waveforms. The shorter time sections that were displayed duplicated
those displayed in the NASA publications (Thomas and Pitts (1983), Thomas (1985), and Thomas
and Carney (1986)). In addition, an automatic process selected sections of waveforms, wherein a
value change of 8 or greater occurs in between successive points. This allows examination of
sections of the waveform that exhibit either interesting structure or contain spurious data. Of
course, this is more effective with the 8-bit LeCroy digitizers than with the 6-bit Biomation
digitizers.

After generating the plots, each waveform was compared to published plots in the appropriate
NASA publication. For acceptance, it was required that a NASA plot exist and that the EMA plots
agree with the NASA plots for the waveform. In addition, extra plots generated by EMA were
required to be reasonable. In the case of a discrepancy between the NASA and EMA plots, it was
determined that a limited amount of manual editing of the data could resolve the difference.
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Usually this meant marking spurious data as nondata, and sometimes it meant restoring points
which were erroneously removed by the computer program used in the previous step.

A classification scheme was adopted for the inspection step. The most interesting labels used for
waveforms with the possibility of acceptance were as follows:

» 00 Waveform accepted without manual processing.
« 1[0 Waveform requires limited manual processing, after which it may (or may not) be accepted.
» 200 Waveform could be salvaged, but requires effort outside the present scope.

23.3.3.5 Data Editing.

Data editing was a time-intensive process; therefore, every attempt was made to limit its application
to waveforms with only a few points (generally less than 5) which required human intervention.
The procedure required specification of a small time interval, including the suspect data. Both the
original and EMA processed versions of the data were displayed for comparison. If modification
was required, the changes were made manually through the computer system editor.

23.3.3.6 Data Submission.

The physical format of the data submitted to the INEEL for input into FRED was the same as that
used previously. A 9-track computer tape was used to hold the waveforms associated with each
flight. The naming scheme for the tapes was as follows:

FNAABB

where AA are the last two digits of the year (e.g., 82), and
BB is the two-digit flight number (e.g., 17).

Each file on the tape was named according to the following convention:
AAOBBSSSSQ...Q.DAT

where AA and BB are as in the tape label,
SSSS is the strike label (initial S for direct strike, N for nearby strike), and

Q....Q is the sensor tag.

Table 14 lists the sensor definitions, as well as the tags used in the file name construction.
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TABLE 14. LIST OF SENSOR ABBREVIATIONS, EXPLANATIONS, AND FILE TAGS

Header Explanation File Tag
BWL Time derivative of magnetic flux density on left wing BDOTWL
BWR Time derivative of magnetic flux density on right wing BDOTWR

DT Time derivative of electric flux density on tail DDOTT
IDT Time derivative of nose boom current IDOT
BL Time derivative of magnetic flux density produced by longitudinal fuselage curnent BDOTL

DWR Time derivative of electric flux density on right wing DDOTWR

DWL Time derivative of electric flux density on left wing DDOTWL
DF Time derivative of electric flux density on lower forward fuselage DDOTF
IT Tail current I-TAIL

VFA Defined in NASA TM87690, 1984 Direct Strike Lightning Data VFA

VFB Defined in NASA TM87690, 1984 Direct Strike Lightning Data VFB

VFC Defined in NASA TM87690, 1984 Direct Strike Lightning Data VFC

VW Defined in NASA TM87690, 1984 Direct Strike Lightning Data

T123 Defined as TP123 in NASA TM87690, 1984 Direct Strike Lightning Data TP123
T114 Defined as TP114 in NASA TM87690, 1984 Direct Strike Lightning Data TP124
T116 Defined as TP116 in NASA TM87690, 1984 Direct Strike Lightning Data TP116
T125 Defined as TP125 in NASA TM87690, 1984 Direct Strike Lightning Data TP125
T100 Defined in NASA TM87690, 1984 Direct Strike Lightning Data TP100
T101 Defined in NASA TM87690, 1984 Direct Strike Lightning Data TP101
T102 Defined in NASA TM87690, 1984 Direct Strike Lightning Data TP102

23.3.4 1982 Data.

In 1982, two channels (denoted 100 or 200) of Biomation digitizers were used for data acquisition.
The digitizers had a 6-bit range and a 131,072 sample length with a 10 nsec sampling period. The
channels were triggered independently by the same waveform being digitized. Thomas and Pitts
(1983) specify the sensors and their locations, polarities, and ranges.

There was considerable degradation of the 1982 flight tapes, which resulted in numerous data
errors, in addition to those generated during the original data acquisition. As a result, many
waveforms were lost because of excessive data loss and contamination. Less than 50 percent of the
files received from GSC were submitted for inclusion in FRED.

23.3.5 1983 Data.

Flights 11 through 42, from the 1983 F-106B effort, were conducted with the same Biomation
digitizers used in 1982. The data had many of the problems observed in the 1982 waveforms.
Furthermore, the scale factors for BDOTWL used by GSC disagreed with those published by
NASA. Later investigation by GSC determined that the NASA publication was correct for flights
11 through 16, but some confusion remains concerning flights 17 through 42. In any case, none of
those BDOTWL 1983 waveforms were submitted to the INEEL.
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Beginning with flight 44, a set of foureCroy digitizers (three channels each) were used for
onboard data acquisition. These units had an 8-bit range and stored 65,536 samples. A 10 nsec
sampling period was used. Thomas (1985) details the F-106B instrumentation and configuration
for the 1983 flights.In general, thé.eCroy digitizer data receivedypEMA was of much higher

quality and had fewer problems.

23.3.6 1984 Data.

The LeCro digitizers were used exclusivetiuring the 1984 flights. Sampling intervals varied
from 5 to 40 nsec for various sensors at different times. Several different triggering schemes were
used on multiple sensor/channel combinations. A great deal of highrquetist was acquired
simultaneousl for mary sensors in 1984.

A sensor labeling discrepantetween header information on the GSC supplied tape and the
NASA publications prevented generatingpanded plots for thexamination of fine structure in

some of the waveforms. This occurred for the wire measurements involving both induced currents
and voltages. Thomas and Care986) contains a more detailed description of the 1984 data and
its acquisition. Neayl 80 percent of the 1984 waveforms received from GSC were accepted for
FRED.

23.3.7 Waveform Saturation.

When examining a waveform for its mamum value, it is also useful to know whether the value is

a true maximum or menethe upper limit of the digitizer’s range. To deal with this issue, a table of
possible minimum and manum values was compiled for each accepted waveform. The data
received § EMA had undergone an arbityabaseline subtraction (i.e., the waveform zero in
engineering units was not the same as the original digitizer zero). GSC supplied a microcomputer
diskette with baseline values that had been used for zero subtraction processing. A distinct baseline
value was associated with each waveform. Uguhls was the value observed just before the
digitizer triggered. EMA used the baseline values with scale factors (also suppli@8d) to
compute the least count as well as the minimum andhmuan value for each waveform. A DOS
diskette containing these results is part of this report. The data is iH AB@at with the
following four fields for a waveform on a line:

least count minimum value maximum value waveform label

23.4 SUMMARY.

Selected for input into FRED were 1,022 F-106B direct strike lightning waveforms with their
auxiliary flight information. The data was acquired with two Biomation digitizer channels in 1982
and part of 1983 and with 12eCroy digitizer channels in part of 1983 and all of 1984. The
Biomation data contained 131,072 samples per waveform, whileetbey data contained 65,536
samples per waveform. The time resolution wascally 10 nsec, but ranged from 5 nsec to 40
nsec. Deterioration of the aging magnetic flight tapes reduced the original data set of over 2,000
waveforms to the 1,596 receiveyd BMA for processing. First-order consistgrand data quality
checks further reduced the number of candidate waveforms to 1,369 forettes.3
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The entire data record of each candidate waveform was visosflected for reasonableness and
compared to results publishe¢y BNASA. If a higher resolution NASA plotxested for an
interesting subsection of the waveform, a similar plot was cregtéd/lA and a comparison was
made. In addition, an automated procedure produced plots pfregions with a significant
structure. EKistence of a NASA plot, and agreement with it, was a prerequisite to waveform
acceptance. Reasonableness of the data was reguirsdme cases, spurious data was identified
and replacedyba special nondata value. Similar data removal had been perfoyEeSA. The
processing and acceptance procedures sgmeghla combination of automatic computer processing,
human inspection, and data manipulation.

24. FRENCH TRANSAL DATA.

24.1 OVERVEW.

The French government sponsored a research prograymgtlightning strikes to aircraft in flight
using a C-160 Transall aircraft. This propeller driven aircraft was outfitted with ayvafiet
electromagnetic sensors and flown in thunderstorm conditions.

The data provided to the FAA for inclusion in FRED were recorded in 1986 and 98386,

current and surface current depsmformation was collected. This data was providgdtte

Centre d’Essais Aeronautique de Toulouse (CEAT) in the form of 14-track analog tape recordings
of sensor outputs. Data from 1988 was made available from ONERA. This included data digitized
onboard during the flights/strikes as well as an offline digitization of analog data oyigetatded

on 28-track tapes during the flights. Details of these data collections, their extent, format, and
content are treated in separate sections.

24.2 1986 DATA.

CEAT was responsible for the 1986 C-160 flight data. The original 14-track analog data tapes were
provided to EMA along with a three-part report (in French) on the 1986 program. Unfogtunatel
since none of the original personnel were still involved with the data, there was effectvel
interaction bgond this. Therefore, it was impossible tgtract the same level of header
information as was available for the 1988 data. Some meteorological data was obtained through a
translation of one part of the 1986 document. The main concentration of this lightning campaign
was on gternal currents.

According to the CEAT documents, nine in-flight lightning strikes were recorded in 1986, although
one of these strikes (the last) contained two events sepayaeskelbonds. This strike was treated

as two for the purposes of digitizatioh.should also be noted that strike number 3 was not present
on the tapes receiveg¢ EMA.

The digitization of the 1986 C-160 analog tapes was similar to the digitization of the CV-580
analog tapes (Elliott and Ng, 1991l ogically, the task was the same with yslbbme procedural
differences. The steps are:

a. A 14-track Hongwell 101 plgsback apparatus was emyéal.
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b. The digitization was triggered/lanIRIG-B time decoder.

C. All the channels were FM Wide Band Group 2 with 0-500 kHz bandwidth. These were
digitized at 1 Megasample per second with a range2dd48 V with 12-bit digitized
sample.

d. Each data channel for an event wagtided simultaneougl with the trgger channel. It
was anticipated that waveform shifting could be engalofor time gnchronization as was
done for the digitized 1988 C-160 analog data. However, comparison of the digitized
trigger signals, for both repeats of the same data channel and for different data channels,
revealed that the time decoder repeatgbivs on the order of 5 samples orus.
Therefore, no further effort was invested in waveform shifting.

e. The data was transferred to a Sun Migstsms workstation via file transfer protocol (ftp)
for further processing. This was a great improvement over the general purpose instrument
bus (GPB) transfer to a VAX-11/780 in the CV-580 digitization project.

f. It was noted that different sensors/channels had major differences indineumdevels on
the analog tape. The data was compressed from 12 bits to § bggg gnamic scaling
for each waveform. That is toysdhe extreme value was set #1126 and all other values
were scaled proportionagel

The scale factors for the low-frequgnand high-frequenccurrent sensors were taken from the
CEAT document listed in the bibliograph As suggestedylthe same document, the scale factors
for the H fields (surface current densities) were obtained lsomparison between the voltage
waveform obtained with the digitizer and the waveform plotted with actyeiqgath units in the
report. In the cases of a clear signal, it is estimated that the scale factors obtained in this fashion
have an average accuyaaf 10 percent and an upper error limit of 25 percéntthe absence of
significant signal in the document plots, yiihe noise range could be used and in this case the
errors on the scale factors could be consideralpfer. If there is no signal, this should not be a
major difficulty, but care should be taken iryitg to etract limits or averages using the
waveforms. It is also true that if significant peaks occur outside the time interval shown in the
CEAT documents, their absolute values are not as reliable.

24.3 1988 ANA OG DATA.

The 1988 C-160 data was provided®NERA for inclusion in FRED. The flights over the south

of Franceyielded a total of 13 strikes. However, requiring that the instrumentation was functioning
well enough for analog recording of at least 80 percent of thsigath parameters reduced the
useable number of strikes to ten. Of these ten, eight also had digital signals recorded onboard the
aircratt.

As part of ONERA’s participation in the project, 18 sensor channels were digitized from the
28-track analog tape record. The original recording format was FM (Wide Band Group 2) with a
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passband of 0-500 kHz. An 8-bit digitizer with a sampling rate of 1 Megasamples per second was
used to acquire apprimnately 2 seconds of data.

ONERA'’s digitization process was able to handleydhtee channels simultaneopsiThe desire

to maintain proper time registration among all 28 data and 1 trigger channels prompted the repeated
recording of the trigger channel with each pair of data channels. Although this allowedyretover

the channel-to-channel timing, it presented an awkward situation for the waveforms in FRED.
Offsets of more than 100 ms were observédhe offsets were not corrected, intrastrike waveform
comparisons in FRED would require a rather tedious determination of the time offset and
subsequent shifting of the plots.

As a result, the decision was made to perform the shifting prior to entering the data into FRED.
The procedure comparedgsificant edje transitions in the various gitizations of the tgger
channel to obtain the relative tingg of all channels. All subsequengitizations were shifted to
match those of the first triplet of channels. Note that after ghitte ynchronization appears to

be on the order 10 samples or 1€. The same number of data samples was maintained by
inserting the binar data value of 255 (invalid data) at either the beginning or end of the data as
required ly the direction of the time shift.

24.4 1988 DGITAL DATA.

The 1988 digital data was collected onboaydTiektronix TEK 7612 AD and TEK RTD 710
digitizers. Their kg parameters are:

TEK 7612 AD TEKRTD 710
20 ns interval 200 ns interval
8-bit accuracy 10-bit accuracy
2048 samples 32768 samples
496 pretrigger 16,000 pretrigger

The data was provided in the format of ASYST data files. When decoded, these data files
contained channel number, sensor label, digitixge,t pretrigger, and scale factors. This
information was integrated with that provided in the supporting documentétishould be noted

that when there were discrepancies between the data files and the report, the information in the data
files was used.

For each of the 11 lightning strikes, there were a total of 26 channels of sensor data digitized
onboard.
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26. Q. OSSARY.

ACTION INTEGRAL. For current sensors, the integral of the current waveform squared over a
time interval [i’dt). The time interval is definedylihe interation start and the ingeation stop
times.

AFFILIATION. The organization sponsoring research for a given researcher.

AIRSPEED. The speed (in knots) at which the aircraft was traveling for an airborne research
project.

AIR TEMPERATURE. Temperature of the air at the location of the sensor at the time of the strike.

ALTITUDE. For airborne sensors, the height (times 100 feet) of the sensor above ground when the
flash occurred. For ground-based sensors, the elevation above sea level of thdfstsdield
is “-9999,” the actual value was unknown.

ANALOG RECORDERID. A code indicating the analog recorder on which the data was
recorded. This corresponds to anemrthe analog recorder description table and can be viewed
by invoking the help function.

ATTACH POINT. The initial point of contact of the strike with the aircratft.

CHARGE TRANSFER. The amount of electric charge transferred during the strike. This value is
calculated onl for current sensors. The time interval is defingdh® integration start point and
integration end point.

DATA SCALE FACTOR. Digitizer counts divided/tihe sample value units.

DATA UNITS. Units of the waveform specified.
DATES. The upper and lower limit dates between which the user wishes to select data.

DECIMATE. A FRED command that keeps eyeth point, where the number n is specified by
the user in the Reduction Points field.

DETACH PANT. The final point of contact of the strike with the aircratt.

DIGITIZER ID. A code indicating the digital recorder on which the data was recorded or the
digitizer which processed the analog data. This corresponds to ymeht digitizer description
table.

ELECTRCAL PHENOMENA. Information about the electrical phenomena obserydtdocrew
around the time of the lightning strike. Thereyrha more than one ewtin this block.
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FILE NAME. Names of plot files in the user’s directory.
FILTER. A FRED command that sets all points within a specified range to zero.
FLASH DATE. The date the strike occurred.

FLASH ID. A number that identifies the flash. These numbers are assigned consecutively by the
program that enters data into FRED. They are used internally by FRED to track the data.

FULL SCALE. The largest magnitude that can be measured for a given quantity. This value is
determined by the sensor, its signal processing circuitry, and the recording and playback
instrumentation.

FULL WIDTH AT HALEF MAX. The width of the peak measured from the point where the
waveform first reaches half of the peak value to the point where the waveform first returns to half
of the peak value.

INITIAL STRIKE TIME. A value of time calculated by assigning the strike time to the point on
the trigger channel where the trigger spike was recorded. The time interval between the beginning
of the recording and the strike time is subtracted from the strike time. This gives the time of the
initial sample point.

INTEGRATE. A FRED command that integrates over a specified interval.

INTEGRATION START. The lower integration limit used to calculate the action integral and the
charge transfer.

INTEGRATION STOP. The upper integration limit used to calculate the action integral and the
charge transfer.

KNOTS. Nautical miles.

LATITUDE. The latitude at which the strike was recorded. This value is given as two digits for
the degrees, two digits for the minutes, and two digits for the seconds. The direction (north or
south) is carried and reported in a separate field. If the latitude of a CV-580 strike is not known, a
default value of 28:00:00 N latitude is used. If the latitude of an F-106 strike is not known, a
default value of 38:00:00 N latitude is used. If the latitude of a C-160 strike is not known, a default
value of 43:30:00 N latitude is used. In addition, if the seconds or minutes are shown as “00,” the
value is probably estimated.

LONGITUDE. The longitude at which the strike was recorded. This value is given as three digits
for the degrees, two digits for the minutes, and two digits for the seconds. The direction (east or
west) is carried and reported in a separate field. If the longitude of a CV-580 strike is not known, a
default value of 81:00:00 W longitude is used. If the longitude of an F-106 strike is not known, a
default value of 75:00:00 W longitude is used. If the longitude of a C-160 strike is not known, a
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default value of 1:30:00 E longitude is used. In addition, if the seconds or minutes are shown as
“00,” the value is probably estimated.

NUMBER OF POINTS. The number of data points in the waveform.

PEAK VALUE TIME. The location (in time) where the peak absolute value of the waveform
occurred.

PEAK RISE. The instantaneous peak rate of rise. This quantity is determined by taking the slope
of the line between adjacent pairs of points. The highest value so determined is entered in the Peak
Rise field.

PEAK RISE TIME. The time during the strike at which the instantaneous peak rate of rise was
recorded.

PEAK VALUE. The point of the waveform with the maximum absolute value.

PRECIPITATION. The types of precipitation observed by the crew around the time of the strike.

PRECIPITATION SEVERITY. The degree of precipitation observed by the crew.

RANGE. A FRED command that keeps all of the points between specified end points.

RECORD SCALE FACTOR. Sensor voltage divided by the tape voltage.

RESEARCHER. Names of the researchers involved in the collection of data for the associated
source.

SAMPLING INTERVAL. The interval of time over which data was accumulated to yield one data
point.

SAMPLING WINDOW. The interval over which the waveform was retained for FRED.

SATURATION. A value to denote that saturation was observed and noted by the researcher.
Possible values are “Y,” “N,” and “U.” *“Y” indicates that the researcher noted saturation. “N”
indicates that the researcher noted no saturation was present. “U” indicates that no observations
were made concerning saturation.

SATURATION THRESHOLD. The threshold above which the equipment no longer produced a
linear response.

SENSING PARAMETER. The quantity being measured by the sensor.

SENSOR ID. A code that indicates the sensor that acquired the data. This corresponds to an entry
in the sensor description table.
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SENSOR LOC. The location of the sensor, if a given test setup included more than one sensor.

SENSOR SCALE FACTOR. Physics units divided by the sensor voltage.

SOURCE NAME. An identifier for a collection of data. In general, data are grouped under some
name which gives information about the program that collected the data. Data may be further
subdivided by year if a program collected data for more than one year.

SOURCE TYPE. An indication of the type of data collected by a source. Options are “Airborne,”
“Ground based,” or “Rocket triggered.”

STRIKE TYPE. An indication of whether the strike attached to the structure where the sensor was
located or merely passed near the sensor.

TEMPERATURE. The environmental temperature at the time of the strike. This temperature may
have been recorded in Fahrenheit, Celsius, or Rankine degrees. All temperatures in FRED are
listed in degrees Celsius.

TIME. The time at which the strike occurred. This time is taken from the data logs and/or is the
time of the peak on the trigger.

TIME TO HALF MAX. The location (in time) of the data point where the waveform first reaches
half of the peak value.

TIME TO PEAK. The location (in time) of the data point with the greatest absolute value.

TITLE. The top of two label lines permitted in the FRED scatter plots.

TOTAL NUMBER OF FLASHES. The number of lightning events recorded in a given source.

TRIGGER THRESHOLD. The value at which the recording devices were triggered to record.
This value may not be known if the equipment could be triggered by more than one sensor.

TURBULENCE SEVERITY. Degree of turbulence observed by the crew.

USER PLOT COMMANDS. GNUPIot commands that the user can enter to enhance plots.

WAVEFORM ID. A number which identifies the waveform. These numbers are assigned
consecutively by the program which enters data into FRED. They are used internally by FRED to
track the data and by the user to request that a given waveform be loaded.

WAVEFORMS. The digitized representation of information acquired by a sensor over time.

X-AXIS LABEL. The information to be printed along the horizontal axis in FRED scatter plots.

Y-AXIS LABEL. The information to be printed along the vertical axis in FRED scatter plots.
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APPENDX AU HELP AND ERROR MESSAGES

ERROR MESSAGE

RESULT OF ACKNOWLEDGING
ERROR MESSAGE

ACTION BY USER

Application Error

PBSTBO040 caused a General
Protection Fault in module
PBSHRO040.DLL at 0006.00CE

FRED for Windows may close;
Windows may close.

If the application does not
close, close it. Exit Windows
to release resources. Try
again.

Application Error

PBSTB040 caused an illegal
instruction in module GDI.EXE at
0007:0843.

The system returns to the DOS
prompt.

Reboot computer. Restart
Windows. Restart FRED for
Windows.

Application Error

PBSTBO040 caused a Stack Fault
in module PBRTF040 at
0005:EC46

FRED for Windows closes.
Windows remains open and active.
SQL/FAA icon remains on screen.

Close Windows to release
resources. Try again.

Data Window

! Expecting NUMBER
expression.

System reverts to the last active
window.

Enter a numeric expression.

DataWindow Error

! Line 7 Column 8: incorrect
syntax

Additional error messages may
appear.

Continue to acknowledge the
message until it clears.

Error

STOP

Reverts to last active window.

Error

STOP File I/O Error: No such file
or directory.

Reverts to last active window.

Ensure that the path selected
is correct and that the device is
online.

Error

STOP No rows selected.

Clicking on OK returns the
Environmental Plot Options
window.

Reset the selection criteria.

Error

STOP No sources found. Am
closing the window.

Error window closes.

Contact the INEEL FRED DBA
via email at faa@inel.gov.

Error

STOP Timed out when resolving
the host address from the
host name.

Clicking on OK returns the Desired
Attributes for Plotting Waveform #n
window.

Check to see that the
connection to the INEEL has
been made. If the connection
is active, perhaps the networks
are overloaded. Trying again
at a different time of day might
help.
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ERROR MESSAGE

RESULT OF ACKNOWLEDGING
ERROR MESSAGE

ACTION BY USER

Error

STOP Wave Retrieval Error:
Timed out when
attempting to connect to
the host.

Error

STOP Windows Socket Error:
Valid name, but no data
record.

Acknowledging the error message
returns the user to the Desired
Attributes window.

Contact the INEEL FRED DBA
via email at faa@inel.gov.

Error

STOP The lower latitude value is
invalid it must be of the
form DDD:HH:MM

User is returned to the Query Limits
screen.

Re-enter the data in the
correct format.

Error Creating Report

I Line 242 Column 242:
incorrect syntax

The query is not processed. The
guery screen remains, however, no
changes can be made.

This error occurs when the
user tries to request too many
columns. Reduce the number
of columns in the query and
resubmit it.

File Error

Cannot find WINSOCK.DLL

Error R0O0014 is displayed.

Check that the
communications software is
available. Verify the path. If
both are correct, contact your
local network expert.

GZIP.PIF

! Cannot find file.

Check to ensure the path
and filename are correct.

Another Error window is opened.

Check to ensure that the path
and filename are correct.
Verify that the device is online.
If problem persists, contact
the INEEL FRED DBA via
email at faa@inel.gov.

PowerBuilder Application
Execution Error (R0002)

STOP Application Terminated.

Error: Null object
reference at line 29 in
clicked event of object
m_filter of m_frame.

FRED for Windows closed.

Restart FRED for Windows.
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ERROR MESSAGE

RESULT OF ACKNOWLEDGING
ERROR MESSAGE

ACTION BY USER

PowerBuilder Application Execution
Error (RO006)

STOP Application terminated.

Error: Invalid DataWindow
row/column specified at line
12 in rowfocuschanged event
of object dw_report of
w_report.

Program aborted.

Contact the INEEL FRED DBA via

email at faa@inel.gov.

PowerBuilder Application Execution
Error (R00014)

STOP Application terminated.

Error: Error opening DLL
library RETRFILE.DLL for
external function at line 147 in
clicked event of object pb_plot
of w_plot2.

Other error windows open.

Contact the INEEL FRED DBA via
email at faa@inel.gov.

PowerBuilder Application Execution
Error (R0023)

STOP Application Terminated

Error: Cannot assign object of
type w_plot_peakvalue_by
altitude to variable of type
w_sources at line 87 in clicked
event of object m_print of
m_frame.

Acknowledging the error causes FRED
for Windows to close, leaving the
SQL/FAA icon open. SQL/FAA closes
ok.

Contact the INEEL FRED DBA via
email at faa@inel.gov.

PROGMAN (sic)

An error has occurred in your
application. If you choose Ignore, you
should save your work in a new file. If
you choose Close, your application
will terminate.

Choose either ignore or close.
Exit Windows to release
resources and review the section
on General Protection Faults
(paragraph 2.5.1).

SQL Syntax Error

Only Select Statements
Allowed

SQL Query Window is reactivated.

Type a select query or close the
SQL Query window.

SQL Syntax Error

SQLSTATE = 37000
[WATCOM][ODBC Driver]Syntax
error: near 'where' in
...emd_waveform_id [where]
source_ideq1...

select emd_waveform_id where
source_ideq 1

Returned to SQL Query screen.

Fix the query and resubmit it.
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